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EXECUTIVE SUMMARY 

The New Brunswrck Department of Transportatron (NE&DOT) has requested 

proposals from consortta to desrgn, build, operate and transfer a new four-lane 

controlled access toll highway between Fredencton and Moncton The functional 

design of the highway will be a major component of the proposal submrssron To 

ensure that safety issues are explicrtly consrdered as part of the functronal design, 

Maritime Highway Corporation, one of the consortia invrted to prepare a proposal 

submission, commissroned Hamilton Associates to independently review and 

comment on the safety features of the design This report IS the product of the 

independent safety review 

The objectrve of this review IS to identify opportunities to make the design of the 

new Fredericton - Moncton Highway safer It IS acknowledged that safety IS one 

of many considerations that the highways designers need to balance In the design 

process Many of the recommendations of thrs report are therefore Intended to 

prompt NB-DOT and MHC to consider the “safety value added” by enhancing 

specrfrc hrghway design elements At the same time, some of the issues rdenttfred 

in this safety review may be incorporated into the revised functional design 

drawings which will be submitted as part of the MHC proposal 

This safety review was based upon the functional design drawings prepared by 

MHC, the project Request for Proposal (RFP) including the design crrterra, and 

supporting background documents. 

The safety review was undertaken in a relatively short time frame, and therefore 

only encompasses the general design features and geometric elements Not all 

Items were reviewed in detail, and some recommendatrons in thrs report are 

srmply Intended to highlight features which should be checked at the functronal 

or detailed design stages 

HAMILTON ASSOCIATES ES-l 
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The results of the safety review are presented under the following headrngs: 

n Vertical Alignment 
8 Horizontal Alignment 

l Cross Section Elements 
n Interchanges 
n Traffic Operations and Control 
n The Toll Plazas 
n Other Issues 

The findings and recommendations of the safety review addressing rndrvrdual 

design elements are presented indrvldually under each sub-section Some 

recommendations are for MHC to review location-specific design elements to 

justtfy standards used (for example for some Interchange elements), or to address 

safety concerns (for example to avoid pondrng) Other recommendations are for 

the joint consideratron of MHC and NB-DOT to enhance safety on the highway (for 

example by reviewing shoulder width design requirements) Finally, the section 

on the Toll Plazas addresses the safety features of the design concept proposed 

by MHC, and recommends alternatives for further consrderatron. 

It IS recommended that continued safety input be obtained during the detailed 

design stage to ensure that safety issues continue to be explrcrtly addressed By 

continuing to place an appropriately high emphasis on road safety at all the 

stages of this project, MHC and NB-DOT will ensure delivery of a high quality 

modern highway 
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1 .O INTRODUCTION 

1 .l Background 

The New Brunswick Department of Transportatron has requested proposals from 

consortia to design, build, operate and transfer a new four-lane controlled access 

toll highway between Fredencton and Moncton Maritime Highway Corporatron 

(MHC) IS submitting a proposal in response to this request 

The functional design of the highway will be a major component of the proposal 

submission. To ensure that safety issues are explicitly considered as part of the 

functional design, MHC commissioned Hamilton Associates to independently 

review and comment on the safety features of the design This report IS the 

product of the independent safety review 

1.2 Context 

The objective of this review is to identify opportunities to make the design of the 

new Fredencton - Moncton Highway safer In dorng so, it IS acknowledged that 

safety IS one of many considerations that the highways designers need to balance 

In the design process, including cost, the environment, geotechnical conditions 

and right-of-way avarlabilrty This review IS therefore focused on safety, with the 

antrcipatron that In general, the findings will be used as input to the design, rather 

than as a design requirement. Many of the recommendations of this report are 

Intended to prompt the New Brunswick Department of Transportation and MHC 

to consider the “safety value added” by enhancing spectfrc highway design 

elements. 

It IS also important to note that from an overall transportatron network perspective, 

it is expected that building the Fredericton - Moncton Highway will In Itself improve 

the safety of vehicle travel in New Brunswick. The October 1995 Transoortatrm 

Issues and Assessment of Alternatives report by Washburn & Gillis Associates 

estimated that the new highway will save more than 3,600 vehicle crashes over a 

20 year period compared to the existing highway connections 

HAMILTON ASSOCIATES 1 
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Finally, it is stressed that as long as there are vehicles on the road, there IS no 

“absolutely safe” highway. There are simply varying degrees of safety, and the 

goal of the design should be to provide a highway which IS as safe as possible 

within the project constraints. 

Within this context, this safety review arms to provide advice to the design team 

In order to deliver a safer highway 

1.3 Basis 

This safety review was based upon the functional design drawings prepared by 

Maritime Highway Corporation (MHC) The safety review was undertaken as part 

of the internal peer review inttrated by MHC in May and June, 1997. In addrtron to 

reviewing the drawings, the safety review consisted of reviewing the project 

Request for Proposal (rncludrng the design criteria) and supporting background 

documents, as well as discussions with MHC engineers to gain insight into the 

design issues. 

It IS expected that many of the issues Identified in this safety review will be 

incorporated into the revised functional design drawings which will be submitted 

as part of the MHC proposal 

The safety review was undertaken in a relatively short time frame, and therefore 

only encompasses the general design features and geometric elements Not all 

Items were reviewed in detail, and some recommendatrons In this report are 

simply intended to highlight features which should be checked at the functronal 

or detailed design stages. It is recommended that continued safety input be 

obtained during the detailed design stage to ensure that safety issues continue 

to be explrcrtly addressed. 
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2.0 VERTICAL ALIGNMENT 

2.1 Maximum Vertical Grade 

A. Comments on Design Criterion 

A maximum vertical grade of 5.0 percent was specified by the design cntena for 

the Fredencton-Moncton Highway. A review of Canadian and International design 

standards indicated that for high-speed controlled-access facrlrtres, the maximum 

grade is typically 3.0 percent for “level” terrain or 4.0 percent for “rolling” terrain. 

A maximum grade of 5.0 percent is usually only specified for “mountarnous” 

terrain According to discussions with MHC engineers, the terrain along the 

Fredencton-Moncton Highway alignment IS undulating, and perhaps best 

classrfred between “rolling” and “mountainous”. 

In the future, It may be desirable for the New Brunswick Department of 

Transportation to review the required maximum vertical grade design standards 

for different terrain types A clarification of the classification of the terrain for the 

Fredencton - Moncton Highway alignment would also be desirable. 

From a safety perspective, mild vertical grades are preferred to steep grades. 

Steep grades provide more stress on the driver and the vehicle, increase the 

speed differential between vehicles, and encourage more passing and lane 

changing manoeuvres This results in the potential for more driver errors and 

vehicle breakdowns. 

B Functional Design Review 

The review of the functional design drawings indicated that the maximum vertrcal 

grade of 5.0 percent had generally been adhered to. One section which 

marginally exceeded 5.0 percent IS presented in APPENDIX A. The majonty of the 

vertical alignment did not exceed a maximum grade of 4 percent. There are 

therefore no safety concerns with this aspect of the design 

HAMILTON ASSOCIATES 3 
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2.2 Minimum Grade 

The typical minimum design grade of 0 5 percent was specified in the design 

criteria The criteria also indicated that a flat grade may be needed through the 

Grand Lakes Meadows area (east of the Saint John River crosstng area) for 

envrronmental reasons. The review of the functional design drawings indicated 

that a minimum design grade of less than 0.5 percent was used along some 

sections, as presented in APPENDIX A A few of these locations coincided with 

horizontal curves, as indicated In APPENDIX A, raising the possibility of a flat 

cross fall (due to super-elevation) coinciding with a flat vertical profile The design 

of these sections should therefore be reviewed detail to minimize any potential for 

pondrng. 

2.3 Other Vertical Alignment Elements 

The design cnterra specify a minimum K value of 105, and a minimum vertrcal 

curve of 120 metres. These criteria are desirable from a safety perspective to 

reduce the risk of fixed-object and loss-of-control crashes The functional design 

drawings should be reviewed to ensure that these criteria were adhered to. 

HAMILTON ASSOCIATES 4 
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3.0 HORIZONTAL ALIGNMENT 

3.1 Minimum Radius 

A minimum horizontal turning radius of 750 metres was specified In the design 

crrterra. However, the crrterra requested that radii of less than 1,500 metres be 

justified The review of the functional design drawings indicated that all of the 

horizontal turning radii were larger than 750 metres However, radii of less than 

1,500 metres were identified at several locations, as identified in APPENDIX B. 

According to the design criteria, the functional design needs to provide 

justrflcatlon for each instance when a radius of less than 1,500 metres is used 

Once these justifications are available, they can be reviewed from a safety 

perspective 

In general, for a maximum mainline super-elevation of 6 0 percent (as required by 

the design criteria for this project), radii of more than 750 metres are considered 

adequate from a safety perspective for the highway design speed of 120 

krlometres per hour, and this issue does not raise any safety concerns. 

3.2 Adjacent Horizontal Curves 

The design criteria require that a minimum tangent section of 500 metres be 

provided between two horizontal curves. This is desirable from a safety 

perspective to reduce the potential for off-road crashes The functional design 

drawings should be reviewed to ensure that this criterion was adhered to. 

3.3 Stopping Sight Distance 

The effect of the horizontal and vertical geometry on stopping sight distance is 

generally closely examined during the design However, sight distance can also 

be affected by barriers, guard-rails and trees along horizontal curves, and these 

features are sometimes overlooked 

HAMILTON ASSOCIATES 5 
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Guard-rails placed adjacent to curve sections could impede sight distance and 

reduce tt to less than the minimum 240 metres specified in the design criteria 

This IS particularly true on curves with radii less than 1,005 metres The functional 

design should therefore be reviewed to identify any such areas of concern both 

along the malnllne and on the Interchange ramps and loops One such example 

was found at Station 134+400 along the eastbound lanes 

HAMILTON ASSOCIATES 6 
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4.0 CROSS SECTION ELEMENTS 

4.1 Median Width 

From a safety perspectrve, provrdrng a wide median IS desirable to reduce the 

potential for cross-over and fixed object type collisions The design criteria allow 

for three median types. 

n Type I, providing a median width of 72 6 metres 
B Type II, provrdrng a median width of 22 6 metres 
B Type III, providing a median width of 6 6 metres with a median barrier. 

Therefore, from a safety perspective, the use of the Type I median should be used 

whenever possible, while the use of the Type III median should be mrnrmrzed 

The median wrdth IS measured between the edges of the travel lanes, and 

therefore includes the inside shoulder widths The design criteria specify the 

locations along the alignment where each median type should be used The Type 

Ill median was specified for only one location, near the Route 695 Interchange 

This area IS near the interface of design Sections 7 and 8, and a narrow median 

IS needed due to environmental constraints. 

A review of the functional design Indicated that the Type III median was also used 

for a length of approximately 1,800 metres, near the interface of design Sections 

4 and 5. The results of the median width review are shown in APPENDIX C The 

need for a Type III median at this section should be reviewed in detail and 

justified 

Due to the reduced clear zone, barriers need to be provided in the transition 

sections between Types II and Ill 

HAMILTON ASSOCIATES 7 
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4.2 Shoulder Widths 

The design criteria require a 3 0 metre outside shoulder width, and a 1.5 metre 

inside shoulder width along the marnlrne of the highway However, only 0 8 

metres of the shoulder widths are required to be full strength pavement The rest 

of the shoulder width may remain unpaved. This IS similar to the typical Ontano 

shoulder design standards 

There IS a consistent documented relatronshrp between Increasing the paved 

shoulder width and reducing collrsrons Other provinces, such as Bntrsh 

Columbia, require the full shoulder width to be paved on all highways It IS 

therefore recommended that the New Brunswick Department of Transportatron 

and MHC examine the added value (Including safety and maintenance benefits) 

of paving the entire width of both the inside and outside shoulders. As a start, 

consideration can be given to provrdrng a full paved shoulder along honzontal 

curves, where the lrkelihood of off-road and loss-of-control collrsrons Increases 

4.3 Bridge Shoulder Widths 

The desrgn cntena specrfy the following bridge shoulder width requirements 

l 3 0 metre outside shoulders and 2 5 metre inside shoulders for bridges shorter 

than 100 metres. 

. 2.0 metre outside shoulders and 1.5 metre inside shoulders for bridges longer 

than 100 metres 

Reducing the shoulder width requirements on structures IS primarily a cost saving 

measure. From a safety perspective, maintaining (as a minimum) the same 

shoulder width on the bridges as on the rest of the road IS preferred, especially on 

longer structures where the lrkelrhood of a vehicle breakdown or collrsron 

increases The trend in the Untted States IS to maintain full pavement width across 

bridges. 

HAMILTON ASSOCIATES 
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It IS recommended that the New Brunswick Department of Transportatron 

consider the value of revising the bridge cross-section standards to provide for 

the continuation of full-width shoulders on long structures The benefit/cost trade- 

offs of maintaining a 1 5 metre Inside shoulder on shorter structures (Instead of 

widening to 2.5 metres) and marntarnrng a 3 0 metre outside shoulder on longer 

structures (instead of narrowing to 2 0 metres) may be worth evaluating 

4.4 Clear Zones 

A Comments on Design Criterion 

For the placement of longrtudrnal barriers to protect vehicles from road-side 

hazards, the design criteria reference the New Brunswick Highway Design Guide 

(Section 11 of the Highway Design Criteria and Standards section of the RFP) 

The Design Guide in turn refers to the TAC Manual on Highway Design for the 

definttron of clear zones. According to the TAC Manual, a highway design speed 

of 120 krlometres per hour wrth a side-slope of 6 1 requires a clear zone of about 

12 metres. 

The TAC manual also requires that the clear zone be a function of the side slope 

and the honzontal curvature of the highway The clear zone needs to be widened 

with steeper side-slopes, and also with Increasing horizontal curvature. 

However, in another section of the Request for Proposal (RFP), the clear zone 

appears to be defined and fixed at 10 metres Specifically, Drawing 2.1 B of the 

RFP (Typical Bridge Sections) defines the clear zone to be IO metres for bridge 

piers. 

It IS recommended that the New Brunswick Department of Transportation clarify 

this Issue From a safety perspective, a wider clear zone is preferred 

HAMILTON ASSOCIATES 9 
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B. Functional Design Review 

During the detailed design stage, a detailed review is required to ensure that 

adequate barrier protection IS provided for all bridge piers and other hazards 

which are within the clear zone (at least 10.0 metres, until the above issue IS 

clarified). 

Also at the detailed design stage, the added value of providing barrier protection 

for major hazards whrch are marginally outside the clear zone can also be 

consrdered. 

4.5 Side-Slopes 

The design criteria generally require a side-slope of 6:l for vertical drops of 2.0 

metres or less, 4:l for vertical drops of between 2.0 and 5.0 metres; and 2 1 with 

guide rail for steeper drops. From a safety perspective, shallower side-slopes are 

preferred, and side-slopes which are steeper than 4:l are considered 

unrecoverable. 

The functional design drawings should be reviewed to ensure that the side-slopes 

are provided at least In accordance with the above cnteria. 

Longitudrnal barriers for side-slopes between 2 1 and 4:l need to be provtded in 

accordance with the TAC Manual procedures. From a safety perspective, the 

TAC procedures are assumed to balance the hazard created by the gurde rail wtth 

the side-slope hazard. At the detailed design stage, a drawing review should be 

conducted to ensure that barrier protection has been provided according to TAC 

procedures. 

HAMILTON ASSOCIATES 10 
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4.6 Guide Rail Characteristics 

A Length 

During the detailed design stage, It IS recommended that the length of the required 

guard rails along the mainline and the interchange loops and ramps be checked 

to ensure compliance with New Brunswick and TAC design requirements 

B End-Treatment 

The design criteria do not specify the required end-treatment for guard rails 

Srmrlarly, the New Brunswick Highway Design Guide does not address this Issue 

The TAC Manual on Highway Design suggests several end-treatments, rncludrng 

buried/flared ends However, recent practice avoids the use of buried/flared 

guard rails for safety reasons, especially the potential for “launchrng” vehicles 

In the United States, Ontario, and British Columbia, energy absorbing flared or 

tangent end-treatments have been adopted instead of buried/flared treatments 

The 1993 NCHRP 350 report IS typically being used as a gurdelrne for new barrier 

designs. 

It IS therefore recommended that the end-treatment of guard rails along the 

Frederrcton-Moncton Highway be in accordance wtth the latest practice elsewhere 

in Canada and the Unrted States, and the use of buried/flared end-treatments be 

avoided. 

11 
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5.0 INTERCHANGES 

5.1 Overview 

The design criteria outline specific requirements for four “major” Interchanges, and 

separate requirements for the other “regular” Interchanges. The major 

interchanges are expected to serve higher traffic volumes and connect to higher 

class roadways. 

The functional design of the interchanges was reviewed at a preliminary level and 

compared to the design criteria. The results are summarized in APPENDIX D 

5.2 Major Interchanges 

A left-side merge was Identified at Interchange B (East Fredencton High Speed 

Connector). The need for a left-side merge should be justified and alternattves 

explored. 

Several apparent deficiencies were identified at Interchange D (Route 2 High 

Speed Connector). One horizontal radius was found to be below the minimum 

(340 metres compared to 440 metres); two vertical curve (one crest and one sag) 

appeared to have sub-standard K values, a vertical grade which is steeper than 

maximum was identified; and back to back vertical curves were identified. The 

design of this Interchange should therefore be reviewed in detail to confirm that 

appropriate standards were applied. 

5.3 Regular Interchanges 

Several horizontal curves with less than the minimum required radius were 

identified, and the locations of these curves are summarized in APPENDIX D. The 

design of these curves should be reviewed to Identify opportunrties to for 

improving the turn radius. 
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6.0 TRAFFIC OPERATIONS & CONTROL 

6.1 Traffic Operations 

The predicted traffic volumes along the highway are relatively low The AADT IS 

expected to be around 7,000 vehicles per day near Fredencton, around 5,000 

approxrmately mid-way between Fredericton and Moncton, and approxrmately 

9,000 near Moncton The two-way peak hourly volumes are expected to be 

between 400 and 750 vehicles per hour. In general, a four-lane freeway WIII 

provide excellent capacity and levels of service for this volume demand 

A prelrmrnary review indicated that the spacing between the followrng 

Interchanges was relatively close (less than about 4 0 krlometres). 

D Longs Creek Interchange and Route 3 (St Stephen) Interchange (2 3 

krlometres) 

n Route 7 Split (Fredencton East) and Nevers Road Interchange (less than 

2 krlometres) 

n Three interchanges in sequence Waasis Road / Route 102 Interchange; 

Oromocto East Connector Interchange, and Route 7 / Route 660 Saint 

John Interchange 

n Route 102 (Coy Town) Interchange and Old Route 2 (Jemseg) Interchange 

(about 4 krlometres) 

n Route 2 (Trans Canada Highway) High Speed Connector to the River 

Glade High Speed Interchange 

A further review of the separation between the on-ramps and off-ramps at these 

Interchanges indicated that in general, sufficient separation (more than 900 

metres) IS provided to ensure efficient weaving operations As well, the ramp 

volumes are anticipated to be relatively low, further reducing the potential for 

inefficient weaving operations. 

HAMILTON ASSOCIATES 13 
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However, as a value-added consideration, the potential for providing auxrlrary 

lanes between two closely-spaced Interchanges can be investigated 

Alternatrvely, a Value Engineering analysis could examine the rmplrcations of 

postponrng or canceling an interchange if it IS close to another interchange. The 

safety rmplrcatrons of Value Engineering are discussed in Section 8 of this report 

6.2 Signing and Pavement Marking 

Traffic control signs will be finalized at the detailed design stage For the 

functronal design plans, signing information is generally restricted to location and 

quantity. In finalizing the signing requirements, it IS recommended that the 

following areas receive particular attention 

l The approaches to the toll plazas on the mamlme. Due to the unusual mixture 

of high speed flow-through traffic with stopping traffic at the plazas, careful 

signing will be needed to guide drivers through these secttons As a mrnrmum, 

this will require clear and early warning signs to* 

4 warn all drivers that a toll plaza IS approaching; 

- assign vehicles to the appropriate lanes (with/without 

transponders); 

a warn vehicles without transponders of the need to stop, and 

= assign vehicles without transponders to the appropriate lane 

(machine / booth payment). 

l The approaches to the ramp and loop to// stations. These areas will require 

extremely careful, deliberate and repetrtrve signing and road cues because 

drivers do not typically expect any interference along freeway loops and 

ramps. Signing will be needed on the intersecting highways and arterrals, with 

appropriate and carefully selected wording to prepare drivers for the toll 

stations. 

HAMILTON ASSOCIATES 14 
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Signing IS especially critical since tourists and visitors (Infrequent users) are 

expected to account for a significant portion of traffic on the highway 

Due to the unusual nature of the above described signing conditions, the added 

requirement for bilingual signs, and the expected significant proportron of tourist 

traffic, it is recommended that a Canadian human factors expert be consulted In 

the development of the sign contents and the road features along these sections 

of the highway. 

Along all roads connecting to the Fredencton-Moncton Highway, early warning 

signs will be needed advising drivers that this is a toll road. 

Pavement marking will need to be reviewed In conjunctron with the signing at the 

detailed design stage. 

HAMILTON ASSOCIATES 15 
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7.0 THE TOLL PLAZAS 

7.1 Concept 

The design cnteria require that the highway provide an optional flow-through toll 

system The highway will therefore need to provide a dual toll service. 

n Flow-through uninterrupted service for vehicles equipped with Automatic 

Vehicle ldentrfication (AVI) or Electronic Toll Collection (WC) transponder 

technology; and 

n Toll plaza service for vehicles not equipped with AVI and ETC technology 

This dual toll service requirement stems from the need to equrtably serve the 

srgnrfrcant tourist and recreational traffic which will use the highway Infrequently, 

as well as the commuters and commercial vehicles who will use the highway on 

a more regular basis. 

The proposed MHC solution to this design requirement provides a three lane 

cross-section (per direction) as a single flow through lane is developed to the 

outside of the two-lane mainline and proceeds uninterrupted through the toll area 

The two mainline lanes then proceed to the toll plaza area, with one lane providing 

automatic coin machine (ACM) service, and the other lane providing full toll booth 

attendant service. The toll booth is therefore provided for the Inner-most lane, 

adjacent to the highway median 

The flow-through lane IS separated from the toll plaza lanes by a 3.5 metre wide 

shy-distance which is developed using highway tapers, and includes a barrier. 

After clearing the toll area, the two toll plaza lanes merge to one lane, and the flow- 

through lane is tapered back adjacent to this lane to return to a two-lane cross 

section per direction 
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7.2 Safety Considerations 

The toll plaza treatment concept proposed by MHC provides a relatively 

sophrstrcated solutron with a high level of safety and driver comfort: 

n For flow-through traffic, there IS no interruption to service, and there IS 

physical separation with shy distance and a barrier to the toll booth and 

ACM facilities. 

n For the toll plaza traffic, there IS no drop In highway capacity, and no 

interference from high-speed flow-through vehicles 

n For the toll booth attendants, there IS no need to encroach on to the 

highway, and the toll plazas for each highway direction face each other 

across the median, allowrng crrculation between the plazas without 

affecting highway traffic 

7.3 Alternatives 

Whereas the MHC proposed design provides good safety features, the following 

alternatives may also be considered and evaluated to further enhance safety: 

n Rather than developing the flow-through high-speed lane as a right-side 

diverge movement from the mainline, consider “splitting” the two mainline 

lanes into a high-speed lane (the right lane) and a toll plaza lane (the left- 

lane) The second toll plaza lane can then be developed as a left-side 

diverge off the toll plaza mainline lane. 

The safety advantages of this alternative are that 

4 the high-speed flow through traffic would not need to diverge off the 

mainline to clear the toll area. Flow-through traffic simply stays in 

the right lane. 
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-+ the only diverge movement occurs at very low speed within the toll 

plaza area 

-+ a symmetry is established between the diverge and merge areas 

(the toll booth lane IS the one to diverge from and merge back Into 

left mainline lane) 

To achieve this configuration, the centreline of the highway may need to be 

shtfted to the outside (using a gradual horizontal curve) upstream of the toll 

plaza to retain the required median width between the opposing flow 

directions at the plaza 

l The shoulder widths which are indicated on the functional design drawings 

for the toll plaza section may need to be reviewed. A total clearance of 4 6 

metres is provided between the ACM lane and the barrier provrdrng 

separation from the flow-through lane However, a total clearance of only 

1 .O metres IS provided between the flow-through lane and this barrier As 

well, the outside shoulder width of the flow-through lane IS reduced from 

3.0 to 2.5 metres in the toll plaza section Although a wide (4.8 metre) flow- 

through lane IS provided, consrderatron may be given to provrdrng wider 

shoulders for the flow-through lane, since speeds in this lane will be high, 

a high proportion of users will be large trucks, and to allow continued 

throughput in the case of a vehicle breakdown 

8 As a long-term consideration, tt may be desirable to make allowance for 

the future provision of two high-speed flow through lanes It IS likely that 

future technology will equip most vehicles wrth AVl/trC capabilrty, and the 

demand for the flow-through service may in the long term exceed single 

lane capacity. 

Signing of the toll plaza section needs to be carefully considered and addressed 

This was previously discussed in Section 6 of this report. 
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7.4 Toll Stations on Entry/Exit Loops and Ramps 

The tollrng concept proposed by MHC Includes toll stations on selected highway 

entry and exit loops and ramps. In frnalrzing the design of these stations, it is 

Important to take the following into consideration: 

Provide the maximum vrsrbrlrty possible Avoid placing the toll statron on 

curve sections or vertical grades Make use of tangent and level sections 

whenever possible. 

Maximize the available queuing and storage distance, wrthout affecting the 

operatrons of the loop or ramp, the highway, or the connecting arterial. 

Avoid configurations where vehicles may need to back up Provide the 

change machine and the toll machine at a single location 

Whenever possible, provide pull-outs for users of the toll machines, so that 

AVl/ETC vehicles are not unnecessarily delayed on the loops and ramps 

As discussed rn Section 6, signing on the approaches to the loop/ramp toll 

stations (both from the highway and the connecting arterial) is important to warn 

drivers of the impending need to stop. 
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8.0 OTHER ISSUES 

8.1 Speed Limit 

The design cnteria require that sections of the highway which have already been 

built or designed meet a 110 krlometres per hour design standard, while new 

sections should meet a 120 krlometres per hour design standard All of the 

highway will be posted at a speed lrmrt of 110 krlometres per hour 

This variance In the design speed wrll result in the highway provrdrng varying 

“margins of safety” Sections which are designed at 120 km/h will provide cues 

to the driver that a certain safety margin exrsts between the posted and design 

speed This safety margin will be reduced along sections which are designed at 

110 km/h Analytical tools are now available to quantrfy this relative loss In safety 

Given the design speeds which are being discussed (110 and 120 km/h), this 

issue does not raise signtficant safety concerns, since both these design speeds 

generally provide an excellent driving environment 

However, it would be desirable if the critical safety features of the highway were 

designed (or revised) to be consistent throughout with the higher design speed 

requirements These features could include energy-absorbing devices (barriers 

and guard rails), side-slopes and the clear zone It IS therefore recommended that 

the New Brunswick Department of Transportation and MHC seek cost effective 

opportunrtres to upgrade the safety features of the 110 km/h design speed 

sections to be consistent with the 120 km/h design speed sections. 

8.2 Cross-avers 

Cross-overs need to be provided to allow emergency and maintenance vehicles 

the ability to reverse direction on the highway However, on a toll facilrty, there 

may be an increased potential for unauthorized use of crossovers to avoid 

passing through a toll plaza 
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This may result In a higher nsk of high-speed rear-end and merging crashes The 

design and signing of the crossovers should therefore clearly discourage 

unauthorized use while marntarnrng emergency and marntenance vehicles access 

8.3 Illumination 

From a safety perspective, increasing the amount of light at interchanges IS 

desirable The design criteria require illumination at the Interchanges, with a 

higher level of illumrnatron at the four “major” interchanges and lesser illumrnation 

at the other interchanges It IS not unusual for different interchanges to be 

rllumrnated at different levels, to account for variations in complexity and expected 

traffic volumes 

However, it IS recommended that the illuminatron standards required by the 

design criteria at “regular” interchanges be reviewed by an electrical engineer for 

comparison with the latest standards from TAC, other provinces, and the United 

States, If the design criteria illumination standards are found to be consistently 

lower than other standards, the New Brunswick Department of Transponation and 

MHC may give consideration to examrnrng the added value of upgrading the 

illumination requirements 

At the detailed design stage, the location of illumination poles relative to the clear 

zone should be reviewed In detail, rncludrng the provision of breakaway poles and 

barrier protection Breakaway poles near horizontal curves may create an added 

hazard, and this should be taken into consrderatron at the detailed design safety 

review stage 

8.4 Weather Warning and Control Devices 

Some sections of the highway may be exposed to a relatrvely high frequency of 

fog or poor visrbrlrty conditions. The low-lying areas near the Saint John River 

crossing may be particularly susceptible to such condrtrons. Other sections of the 

highway may also be susceptible to snow drifts and high winds 
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It IS recommended that local weather experts be consulted on the potential for 

these condrtrons, and that consrderation be given to providing counter-measures 

where appropriate. The counter-measures could include. 

l Advanced Weather (and Fog) Warning Systems which automatrcally sense 

poor driving conditions and warn drivers to adjust driving behavrour. 

l Wind Barriers and Snow Fences 

If these features are not incorporated Into the design, it IS recommended that 

weather condttrons on the highway be monrtored upon opening to determine the 

need for these counter-measures. 

8.5 Value Engineering Implications 

The design crtterra and the functional design of the Fredericton-Moncton Highway 

may be subjected to a Value Engineering analysis prior to the preparation of the 

final design It IS recommended that the recommendations of the Value 

Engineering analysis be subjected to a rigorous and independent safety revrew 

Experience has demonstrated that apparent cost savings identified by Value 

Engineering may be detrimental to the safety of a project, and therefore more 

costly when life-cycle costs are considered. 

To avoid conflict between the Value Engineering recommendations and safety, It 

IS recommended that any Value Engineering analysis conducted for this project 

pursue true “added value” to the project, taking into consideration all the project 

constrarnts and charactenstrcs, rather than just immediate cost savings 
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Road Safety Audit Seminar 

Pe DOT’s Ro d Test of the 
Ro d Safety Aud’t Process 
IN OUR CONTINUING 

SERIES OF FEATURES ON 

SAFETY, A PENNDOT 

OFFICIAL EXPLAINS NOW 

THE ROAD SAFETY AUDIT 

PROCESS ADDS VALUE IN 

THE FOR OF REAL 

SAFETY BENEFITS TO 

ROAD USERS IN 

PENNSYLVANIA. 

DID YOU EVER THINK AN AUDIT 
could be benefiaal, educauonal and fun’ 
Through a pdot process that has been 
underway smce April 1997, the Pennsyi- 
vania Department of Transportation 
(PennDOT) appreciates that the road 
safety au&t (RSA) process can be that and 
even more 

PennDOT IS utrhzrng a ptlot to deter- 
mme d the RSA process adds value, d 
and how It can be Incorporated utlhzmg 
exlstmg resources and d It wdl delay pro- 
ject dehvery Soon afier Implementation, 
It became obvious that the RSA process 
can add vaue m the form of real safety 
benefits to road users The Pennsylvama 
Transportauon Institute of the Pennsyl- 
vama State Umversuy conducted prior 
research to assist PennDOT’s pilot and 1s 
evaluating the progress to determine how 
to effectively adapt it for use 

The process 1s not a ra&cal change m 
project development, however, it IS a 
change Since change IS not always well 
accepted, the audns were not forced into 
project development by demanding 
actlons where they could create Isrup- 
non or chaos Instead, clung of potential 
problems was made m such a manner to 
test Its limits 

ELE EWTS OF THE RSA 

To appreciate the value and umque- 
ness of the RSA process, one must 
understand its elements The process 
ensures that safety 1s an Integral part of 
the project by requiring a safety analysts 
at cnocal stages of project development 

(construction) and rn-service dhasesr 
Audits are conducted by a team of 
experts from all dlsclphnes of hlghway 
engineering, wuh assistance from experts 
m fields of human factors, law enforce- 
ment and risk management Audn teams 
are independent from those mvolved 

References, Page 28 

w& the design to ensure It remams rests- 
tant to constramts found tn project 
development A series of field reviews are 
conducted throughout project develop- 
ment that can identify safety concerns 
that routme plan revtews may not Com- 
prehensive checklists are used to prompt 
thought and Include m&modal safety 
concerns for all road users, including 
pedestrians, blcycllsts, trucks, buses, 
emergency vehicles and rulroads Audits 
do not evaluate the project manager as 
the term “audit” may imply They evalu- 
ate the roadway’s crash potential and 
proactively attempt to prevent crashes 
from occurring Audits also attempt to 
annapate potential problems based on 
human factors, but they are not intended 
to reactively resolve exlstmg crash prob- 
lems Once the audit 1s complete, the 
audit team generates a forma1 audit 
report, and the project manager formally 
responds with actions taken or why 
actions were not taken 

RSA PROCESS 

Agencies should utllrze the strengths 
of then orgamzatlon m determmmg how 
to adapt the process PennDOT adapted 
a procedure slmtlar to Austraha’s 

1 Achieve management commlt- 
ment, or “buy-m,” to allow the process 
to succeed by havmg support when time 
and money are jeopard%d The process 
dstracts normal project development by 
addmg reviews that result m changes, 
addmons and/or deletions of portions of 
the design This can create delays, cost 

overruns and confltcts If those mvolved 
do not understand, accept and prepare 
for the posslbdtty for change A wdhng- 
ness must exist to redesign, Investigate 
new ideas, move outside scopes of work 
and possibly adjust the overall program 
to find funds 

2 Carefully select a coordmator and 
au&t team Select experienced members 
m the various facets of highway engl- 
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neermg and add experience III key areas 
on a project-by-project basts and/or for 
the I&rent phases 

3 Select the projects to be audtted 
The types and number of pro)ccts to 
rut&t wtll depend on expenencc wtth the 
process and the avatlabthty of human 
lcsources 

4 The team mews aU background 
informatton to obtain a good under- 
stat&g of the plans, scope, purpose, 
htstot-y and constramts. Local restdents 
and knowledge outside the agency may 
be &cited to help determtne the needs 
of alJ road users and stakeholders. 

5. Conduct field revtews at specific 
stages throughout pro~ccr development 
usmg detatled checkhsts Through mterac- 
non and bramstorming, the team of 
experts ute general safety concerns Solu- 
uons are not requtred The protect man- 

ager can provtde background tnformaaon, 
especially 121 the early phases when plans 
may not be avzulable yet 

6 Draft a clear, concrse report con- 
tammg the safety Issues that surfaced 
from the at&t Conduct a completton 
meeung wtth the coordmator and the 
pro)ect manager to resolve concerns, dts- 
cuss detatls not rncluded m the report 
and tdenufy remedtal treatments 

7 Resolve confltcts between those 
responstble for the audtt and project 
development and Incorporate the reme- 
dtal treatment mto the destgn Draft a 
formal response to the audit report 

8 Momtor the progress and ensure 
that the remedtal treatments are mcorpo- 
rated Into the project 

9 Repeat the procedure tn the next 
phase or as practtcal 

PENNDOT’S PILOT 

The framework of the ptlot com- 
pnsed of selecung team members, select- 
tng projects, conducttng audtts, 
documenttng and communtcating 
results, and mcorporattng tmprove- 
mentS Because vanations m any of these 
affect results, various approaches are 
bemg used and detatls of expertences 
(I e , benefits, costs, results, effects, chal- 
lenges and opportun~ues) are conunuahy 
evaluated to form recommendauons for 
statewtde tmplementauon Obsenauons 
are bemg noted for the followmg 
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l Team makeup, 
l Employee tune, 
l ProJcct cost, 
l hOJCCt d&y, 
l Documentauon, 
l Sunable types of pro)ects, 
l Suttable phases of project 

development, 
l Control of projects, 
l Confhct resoluuon, and 
l Llablhty 

Tam makeup IS an atremely rmpor- 
ant consrderauon m ensurmg a success- 
fd RSA such A coordmator keeps the 
process movtng and allows tt to be effec- 
ttve for a number of pro)ects This 
requires a person wtth knowledge, ape- 
nence and enthustasm The ptlot team 
consrsted of five members wtth strong 
backgrounds m a combmatlon of the 
needed aperttse of safety, traffic engt- 
neermg, rtsk management, accident 
reconstructton, design, constructton, 
mamtenance and programmmg dtscr- 
phnes of highway engmeermg Human- 
factors experttse was not avatlable wtthm 
the dlstnct, and the ptlot Id not seek an 
expert However, the team mcluded an 
mdtvtdual from lndtana Umversny of 
Pennsylvania who assoctates with local 
schools and agtng agenctes Most of the 
recommended experttse IS available 
wtthtn the staff, tncludtng accident 
reconstrucnon, but pohce officers could 
have been uuhaed d accrdent reconstruc- 
uon aperuse was not avatlable Pracucal 
dety knowledge IS a must A&s are 
performed tn addmon to and mdepen- 
dent of the projects’ routme safety 
revtews and determmauon of counter- 
measures for extstmg crash clusters, 
then&e, the team dtd not m&de the 
sky engmeer An understandmg of the 
Amcrtcan Assoctatton of State HIghway 
and Transportation Oficaah Roadsrdc 
Destgn CL&, posttrve guidance tech- 
niques, access management, and how 
and why crashes occur are vah&le m 
determmmg potenaal problems Aware- 
ness of technology and tnmlhgent trans- 
pottauon systems capabtlmes can asstst 
m mcorporatmg needs of many road 
users m ways that may not be readtly 
apparent Knowledge of current stan- 
dards asststed tn tdenufymg what the 
roadway features wtll look hke Geomet- 

ncdestgn speualuauon was v&able m 
relaung the level of safety assouated wtth 
desrgn features PennDOT also had the 
opportunity to perform an audtt wtth 
representauves of the Federal Highway 
Admmtstrauon (FHWA) who provtded 
valuable geometrtc-design expertise 
Stnce recommended apertlse dtd not 
aut, sevetd members were named on 
the needs of pedestrians and btcvchsts 

The team should understand the 
RSA process and understand that all 
concerns may not be accepted, which 
wtll ensure that audns remam produc- 
uve and concerns remam reasonable and 
prudent Using higher-level managers 
helps mamtam credtbthty by addmg 
well-rounded knowledge to determme 
what may and may not be feasible 
Experuse grew with every audit 

Employee time is monrtored to 
determine the feastbthty of conducting 
audits mternahy The value added by an 
audn IS directly propomonal to the time 
and effort gtven m revrewmg the plans 
and the stte The team only meets when 
audns are scheduled (approxtmately one 
day per month) The project managers 
need ttme to prepare briefings, attend 
field vtews, search for soluttons to con- 
cerns, redesign fatures, contact prop- 
erty owners, resubmit for requtred 
approvals, commumcate wtth the coor- 
dinator and seek necessary fundtng 
increases (approxtmately three days per 
month) The coordinator needs time to 
arrange meetmgs and field revtews, ana- 
lyze field notes, process reports, mam- 
tatn communrcatton wtth project 
managers, research posstble soluttons 
and resolve confhcts (approxtmately five 
days per month) Even though havtng 
separate at&t teams reduces the time 
the team members spend on the RSA, a 
single team butlds experience, Improves 
conststency and reduces the posstbtlny 
of missing similar opportunities to 
enhance safety twice 

Project coats usually increased Costs 
assoctated wtth safety concerns normally 
were not an issue in rejecting tmprove- 
ments Costs resulting from early 
reviews were more eastly absorbed, and 
costs resulting from later reviews usually 
resulted m ehmmanon of another item 
Occastonally, value engtneermg and 
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constructabrhty were dtscussed, and cost 
savmgs suggesuons resulted 

Delay m project development IS the 
most sensmve rssue m the RSA process 
It IS more sensmve than costs because 
money can be moved or Items can be 
elunmated to cover costs However, a loss 
of trme can jeopardrze commnments, 
which adversely a&cts an agency’s credr- 
bihty Although delays occurred, prolects 
were not unreasonably delayed With let- 
ang commmnents, decrsrons to mcorpo- 
rate Improvements that could greatly 
delay the project were ovemdden Con- 
cerns cited later m the project develop- 
ment phases were more suscepable to 
delay and usually resulted m mcorporat- 
ing rmprovements that caused the least 
delay 

Documentation can range from too 
httle to too much An agency wdl need 
to determme the opamum level that cap 
tures all concerns, conveys needed 
improvements and commutucates results 

but does not mcrease tort exposure Doc- 
umenung concerns through bramstorm- 
mg and achrevmg consensus IS not easy 
m a van durmg a field revrew Our team 
chose to vrdeotape the enure field rev~cw, 
which was valuable m capturmg alI com- 
ments and revmung usues 

The pdot varred the methods of 
reportmg results to the project manager 
Havmg no formal report may reduce the 
concern of tort habrhty, but rt caused 
confusron Cmng specific recommenda- 
uons was undesuable because rt left the 
project owner wnhout flexrbduy and 
created unnecessary tort habdny d rec- 
ommendauons were not accepted, even 
for very vahd reasons The most wel- 
comed method was a formal report 
drafted by the au&t team cmng only 
concerns, not recommendatrons, fol- 
lowed by a meeting wnh the coordinator 
and project manager to resolve concerns, 
discuss detads not included and select 
remedial treatments The report was 

umely so the short wmdows of opportu- 
mty were not mused and mformaaon 
was not forgotten 

lime and care were taken m draftmg 
the audn reports and responses Team 
members were concerned with their 
comments creaung tort habrhty, which 
mmally sufled ideas during field revrews, 
however, the concern was squelched by 
demonstratmg that the reports were 
worded carefully to convey potentral 
needs while muumlung tort exposure 

The project managers were reluctant 
to draft responses until all concerns 
were resolved to avoid the need for fol- 
low-ups Keeping tamely documenta- 
tion was drffrcult 

Suitable types of projects for audm 
were determined by mmally audmng 10 
pro)ects of varrous types and comparing 
the ndts Not all were well suned for an 
audn Capital improvement (new con- 
strucuon) projects were excellent candr- 
dates They resulted rn the most 
successful Improvements because they 
generally had more time available m 
whxh to redesign, had less constnunts, 
aheady mvolved r&-of-way aqumuons 
and had the greatest level of fundmg 
avadable to absorb cost mcreases Thrs 1s a 
me opportunity to make extraordmary 
unprovements that may provrde a safe 
and efficient roadway for years to come 

Betterment projects (rehabdnauons) 
also were good candidates because they 
generally have a broader scope of work 
that can incorporate improvements with 
only minor changes They also have a 
higher level of fundmg that can absorb 
cost mcreases Bridge projects mvolvmg 
a complete rehabrbtatron can benefit 
l%omanRSA. 

Surface improvement projects are 
Intended to Improve ride quahty and 
generally have httle money avarlable for 
addrtronal Improvements Ironrcally, 
these generally have the most needs 
because motorrsts increase speeds wrth- 
out havmg an upgrade m speed-sensmve 
design features Unless the agency wrll 
consider drasucally increasing the scope 
of work, surface rmprovement projects 
are not good car&dates for audrts 

At least mmally, select projects are 
conductve to audits by having the capa- 
bdny and flexrbrhty to change so the 
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team is not destined for resistance. Ifthe 
team has early success~, it will probably 
put forth more &on and vrce versa. 

Suitable phaaea of project dmlop- 
ment for audits were determined by 
audning protects in various phases and 
comparing results. Most concerns ated 
rn prelrminary engineering were 
addressed. Audits iniaally performed in 
later phases resulted in fewer rmprove- 
ments. The defining lme appears to be 
the completion of the environmental 
approval. After thrs point, the amount of 
effort needed and possibdny of delaymg 
the project for maJor design changes IS 
greatly Increased Concerns cited 
beyond the midpoint of final design 
were scrutmrzed more closely, reqtured 
acceptance of benefiual cost tmprove- 
menu and mcorporated the most mex- 
pensrve method to allevrate the concern. 
Pre-openmg phase audus are benefiual 
in determrmng field changes that may 
adversely affect safety (I e , dramage, 
barriers and pavement marlungs) 

Most agencies do not consrder audrt- 
mg exrstmg roads w&out the benefit of 
a programmed constructron proJect It 
can be fuale to expect that a roadway 
built prior to 1960 would conform to 
today’s safety standards w&out the ben- 
efit of a rehabrhtanon proJect. However, 
an audn can produce a list of locauons 
that can be improved systemaacally. The 
risk IS that the hst may be unmanageable 
and become a potenaal tort habihty 

Control of proJects must be mam- 
tained by the agency or else cash flow, 
approvals, scopes of work and comnut- 
ments will become unmanageable. Some 
de4i51ons based on exuting aces 
may be pmdent from the agent$s per- 
specuve but may be misunderstood and 
create a loss of control if improperly 
exposed outsrde of the agency Nonagency 
repasenuuves on the audn team were not 
iniaaUy needed because most of the aper- 
ase was available in&, thetefbre, fur- 
ther evaluanon was needed to detennme d 
nonagency membets ueated a loss of con- 
ad Obviously, audns dtd not control all 
demons, espeually those that mai have 
jeopardrzed project completion Some 
unprovemena were desirable but deemed 
not worthy of greatly delaymg or losing a 
needed PmJect. 

Conflict mxhion m citmg con- 
cerns, reporting concerns and accepang 
remedral improvements can be the d& 
ference tn the success of the RSA 
process. Confhcts arising during these 
per&s are bemg momtored to deter- 
mine how best to reach resohuion The 
pilot has a procedure that was set as a 
deliberate attempt to avoid conflrcts. 
The team must reach consensus, and the 
coordmator must avoid hidden agendas 
so concerns annot be labeled as self- 
serving, the project manager and the 
coordmator must mutually resolve the 
con&t, the drsmct’s program manage- 
ment committee will make final deter- 
minaaons relaave to cost and delay, and 
the team must accept final decrsrons 

Liability IS reduced by having a 
process that purely addresses safety con- 
ccms for all road users. However, rdenu- 
fyrng concerns that may not get 
adequately addressed, even for good rea- 
sons, may be damaging in future torts 
Even concerns cited that will be 

addressed adequately in the upcommg 
proJect could be used as ammunmon in 
torts arrsmg from recent crashes by pro- 
vidmg proof that the agency recognized 
that a problem exrsted. Tort exposure 
can be minmuzed through responsrble 
documentaaon 

Although PennDOT IS covered by 
statute deemmg safety studies as nondrs- 
coverable m courts, the pilot IS ensunng 
that concerns and recommendaaons are 
not frivolous and are feasible 

BENEFITS 

A core value of the Malcolm Raklnge 
Q&y Assessment IS “quahty through 
prevenaon n The RSA process mherently 
mcmporat~ rhs vahe mto protects by 

proaai4yseamhmgfbrl&uresrhatmay 
cause undesuable effects, inappropriate 
use ofstandards and changes made dunng 
vahre engineering and/or constructron, 
which can mate potenual safety concerns 
andcosdychangesmthefixure Other 
benefits u&de. 

l New safety concerns that would not 
have been rarsed through rouune 
plan revrews, 

l Maxhmzed opportunities and num- 
mized missed opportunrtres to 
enhance safety, 

l Evahratron of whether the mml- 
mum standards were sufliuent, 

l Commun~cxron among the drsci- 
phnes on the team and learning 
from the collective knowledge of 
team members, 

*A htgher comfort level of proJect 
managers knowmg their proJect Is 
lxmg constructrvely scruumzed to 
help them construct a safe facdrry, 
and 

l Incorporaang safety improvements 
Into the design of srmdar pr0Ject.s 
not undergomg a formal audn 

IMPROVE EWTS 

Improvements of all types resulted 
From the RSA process They mcluded 
improvmg srght drstance, addmon of 
left-turn lanes, realignment of mtersec- 
tron approaches, the redesign of an 
mterchange, replacing a stgnahzed mter- 
sectron with an mterchange; removal, 
relocatron and/or combrnmg above- 
ground utdmes; unplemenung access- 
management technrques such as 
relocaang, removing and/or ehmmating 
driveways, provrdmg a paved and pro- 
tected area for mspecnon, werght and 
speed enforcement; addmg posmve pro- 
tecuon and dehneauon for an adJacent 
pedestnanlbrcycle u-ad, and modrfymg 
~ughandles to accommodate trucks bet- 
ter and to be uruform wnh others on 
adJacent roadways 

COSTS 
Costs mcurred by an audn, consrder- 

mg only salarres and equrpment, ranged 
from $2,000 to $5,000 Intangble costs 
also exrst tn the form of potenaal tort ha- 
bility but are mmrmtzed through pru- 
dent documentatron. Delays and 
changes were inevnable and generated 
costs III the form of lost nme avadable for 
other duaa and forang pm~ects’ mde- 
stones off track. One redesrgn created a 
loss of credrbthty wrth property owners 
when it also forced undesirable changes 
m the aqmsmon of rrght of way 

CIIAUEWGES 

Challenges were encountered 
throughout the prlot The team was suc- 
cessful m mcorporaang needed rmprove- 
ments m approxrmately 50 percent of the 
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attempts to improve particular situa- 
tions This IS actually quite successful 
consldenng that types and phases of pro- 
sects were purposefully varied for evdua- 
aon purposes 

Busy and changmg schedules of the 
team members make organlvng audits 
challengmg Team members changing 
posmons and leaving the team creates loss 
of experience and a new learnmg curve 

Plans should emst early m project 
development This makes detailed 
reviews challenging because many 
design declslons have not been made yet, 
whrch requires the coordmator to keep 
track of numerous options, posslblhtles 
and dlrectlons 

The audit must u&e the short wm- 
dow of opportunuy when change 1s easy 
Declslons to mcorporate improvements 
can be controversial and require many 
meetings, dlscusslons and changes 
requiring time and money On major 
construction projects reqturing environ- 
mental approvals, changes that forced 
the design outside of the environmental 
footprmt were challenged because time 
needed to re-evaluate the impacts could 
delay or jeopardize the project 

Metric plans caused d&ulty and 
fiustrauon when comparing design stan- 
dards to field condmons PennDOT IS 
relatively new to metric and IS proceed- 
mg through a learning curve that may 
have caused the team to unknowmgly 
miss issues 

Every project has unique road users 
and stakeholders, makmg It dlfflcult to 
gam input from all concerned Having 
representanon from local municipal offi- 
cials, emergency services, transit agen- 
cies, businesses and interest groups IS 
desirable but unmanageable 

FUTURE PLAIN 
Future plans for PennDOT’s pdot 

m&de using new methods to become 
more fan&r and pro&lent at deter- 
mmmg how to best Integrate safety mto 
roadway construction projects The pilot 
also will consist of audns performed by 
teams of experts outside of the dlsmct, 
but wlthm PennDOT, to determine If a 
totally unfamdlar perspective would be 
beneficial Pohce officers and other 
nonagency representatives wrll be used 
as resources to determine rf operauonal 
knowledge can be acquired without 
problems with hidden agendas or 
adversely affecting project development 
and control FHWA’s Older Drrver 

HandbooR wdl be incorporated Into the 
checkhsts and nighttime field reviews 
will be considered Also, PennDOT will 
strive to determine the most feasible 
methods to obtvn the needs of all road 
users As for an audit bcmg fun, you ~111 
have to try It for yourself 

SUMMARY 
PennDOT has developed an awareness 

and appreclauon for the RSA process as a 

cost-effective tool wlthln exlstm 
resources that can maxlmlze the safe 1 
potenual of roadway construcnon projects 
through prudent use of the followmg 

l A series of safety analyses and field 
reviews to maxlmi2.e opportunities 
to Improve safety, 

l Interdlsclplmary experience to 
bramstorm possible problems, 

l Human factors and multlmodal 
conslderauons to ensure a safe road- 
way for all road users, 

l Checklists to surface safety 
concerns, and 

l Learnmg from the expenences- 
both successes and nonsuccesses I 

TIMOTHY R. 
PIEPLES, 
PE, u the Dasmct 

Tkafic Engznecrjw 

Engmeermg Dumct 16 

of the Pemylvanta 

Department of Fam- 

po?tahon m ~&ma, 

Pa, USA, and L( one of Lo Road Sajhy Audzt 

Gmhaton m PennDOT HIJ c~mmcc has 

been mostly wth trafic mgmeenng smce wccw- 

mg a B S an nvrl mgmcertngfiom tbr Pmnsyi- 
vanra.State Unrvenrrym 1980 Aqdesrcan 

Assocute of ITE 
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PennDOT’s ROAD TEST of the ROAD SAFETY AUDIT PROCESS 
By Timothy R Preples, P E 

FORWARD 
This report details the expenences of the Coordrnator of the Road Safety Audit 

Process Pilot In Engineering District 10 of the Pennsylvanra Department of 
Transportation (PennDOT), and may assist others to determine rf and how the process 
should be considered for use PennDOT began a pilot project in April 1997, to 
determine tf and how the Road Safety Audit Process should be incorporated into the 
development of roadway construction projects In Pennsylvania The goal of the pilot 
was to determine the following 
1 ) Does the Road Safety Audit Process add value7 
2 ) Can the Road Safety Audit Process be implemented utilizing existing resources3 
3 ) Wtll the Road Safety Audit Process delay project delivery7 

Two of PennDOT’s eleven Engineering Drstncts utrlrzed research comprled by the 
Pennsylvania Transportation lnstrtute of the Pennsylvania State Unrversrty, under 
contract from PennDOT, to become famrlrar with the Road Safety Audit Process The 
Drstrrcts separately adapted the process to suit the structure of their organization 

Although new expenences are still being documented, PennDOT’s Road Safety 
Audit Process Pilot IS complete The Pennsylvania Transportation Institute evaluated 
the pilot project and prepared a report of the experiences from both drstncts An ending 
meeting was conducted In December 1998, to discuss the incorporation of the Road 
Safety Audit Process throughout all of PennDOT It was decided to provide all Project 
Managers In every Engineering Drstnct with the Road Safety Audit Checklists and that 
Road Safety Audit Teams will inrtrally conduct a limited number of audits Each 
Engineering Drstnct wrll structure the audit process to utrlrze the strengths of their 
organization, given the lrmrted available resources Consultant engineering firms may 
be considered on a district-by-district basis after each District has had exposure to the 
process and IS able to determine the potential of Road Safety Audits 

PennDOT’s Dwtnct 10 aggressively participated In the pilot project by performing 
many audits throughout 1997 and 1998 Preplanning was performed to ensure that the 
pilot would provide valuable information The framework of the audit process for the 
pilot comprised of selecting team(s) members, selecting projects, conducting audits, 
documenting and communicating results, and rncorporatrng Improvements Because 
vanatrons In any of these affect results, various approaches were used as the audits 
were conducted Details of expenences, 1.e , results, effects, benefits, costs, and 
challenges/opportunities are continually being observed and used to form 
recommendations for statewide implementation The costs incurred, benefits gained, 
opportunities afforded, and noteworthy observations made during the audits were 
contrnually evaluated and closely monitored with special focus on the following issues 

l Team make-up 
l Employee time 
l Project cost 
l Project delay 
l Documentation 

1 
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l Surtable types of projects 
l Surtable phases of project development 
l Control of projects 
0 Conflrct resolutron 
l Ltabrlrty 

Recommendations have also been developed using the experiences of the year and 
one half long Pilot Project Soon after rmplementatron, it became obvious that Road 
Safety Audits added value In the form of real safety benefits to road users This detailed 
evaluation was completed to help determine how to effectively adapt the process 

KEY ELE ENTS 
It may be very easy for an agency to rnttrally assume that they have no need for a 

Road Safety Audit Process or that they already are performing this process To fully 
appreciate the value and uniqueness of the Road Safety Audit Process, one must 
understand Its key elements as It has been utilized In other countries, such as Australia, 
New Zealand, and Canada 

9 The needs of all road users, not just automobrles, are considered In the Road Safety 
Audit Process Emphasis IS given to pedestrians, brcyclrsts, large trucks, buses, 
emergency vehrcles, and railroads 

9 The Road Safety Audit Process has access to the design continually through project 
development The ideal Road Safety Audit consists of five separate and formal reviews 
one review during the feasibrlrty, preliminary design, final design, pre-opening 
(construction), and In-service phases This allows safety to be a more integral part of 
the design of the transportation facrlity 

p Field views focused purely on safety issues are conducted as part of the formal 
reviews A team of experts brainstorm safety concerns and recommendations during the 
field view Solutions are not required 

> The Road Safety Audit Team attempts to anticipate crashes This IS a proactive 
approach In fact, crash history IS not normally used An agency addrtronally needs to 
ensure that crash history and the other needed elements are Integrated, wrth the Road 
Safety Audit remarnrng a separate process 

> The Road Safety Audit Team generates a formal report after each audit, the Project 
Manager formally responds by stating actions taken or why actions were not taken 

There IS no Ideal adaptation of the Road Safety Audrt Process It IS recommended 
that after the process IS well understood, the agency should then determine how to best 
Implement the process utilrzrng the strengths of their organization 
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PROCEDURE 
The Road Safety Audit Process is not a radical change In project development, 

however, it IS a change Since change IS not always well accepted, the audits were not 
forced into project development where they could potentially create chaos by 
demanding actions that could disrupt project development Instead, citing of potential 
problems were made In such a manner so as to test Its lrmrts Ground rules were 
developed to allow unbiased information to be gained so the Pilot would provide a true 
representation of what can be expected if the process is Implemented and allow for 
better recommendations of how it should be adapted The ground rules were as follows 
1 ) The Team must reach consensus on cttrng concerns, 
2 ) The Coordinator must avoid hidden agendas, and 
3 ) The Team must accept the decrsrons of the Project Manager 

PennDOT’s pilot initially adapted a procedure that followed closely with that of 
Australia The generally accepted procedure IS as follows 
Program Development.. . 
J Achieve management commitment, or ‘buy-in”. This commitment IS extremely 
important and can allow the process to succeed by providing opportunities when time 
and money may be jeopardized There must be willingness to redesign, investigate new 
Ideas, move outside the scope of work, and most Importantly, to adjust the agency’s 
overall program to find funds 

J Careful/y select audit team(s). Experienced team members In the various facets of 
highway engineering IS the most important key element of the Road Safety Audit 
Additional members with experience In key areas should be added as needed on a 
project by project basis Additional key members may even assist at dtfferent phases In 
project development, e g , a geometric design expert in the preliminary design phase or 
a work zone traffic control expert in the pre-openrng phase 

J Select the projects to be audited. The Road Safety Audit Process may not be 
suitable for all types of projects and the number of projects to audit will depend on the 
avarlabrlrty of human resources Experience with the process will help with this 
determination 

Beginning the Audits.. . 
J Review all of the available background information. The Team should obtain a 
good understanding of the project’s plans, scope, purpose, history and constraints 

J Conduct field reviews at specific stages throughout project development 
using detailed checklists. The detailed checklists are reviewed and completed to 
stimulate thought and ensure that all safety concerns are considered The Team must 
reach consensus of Items that will be Identified so recommendatrons creating conflict 
can be identified as an audit need, and not self-serving Everything that the experts 
know, have learned, or can deduce IS used to brainstorm safety concerns Practical 
applicatron of polrcies, standards, stakeholder needs, and most important, expenence, 
drives the audits 
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J Draft a formal reporl of findings. A formal report that IS clear, concise, and 
contains the safety concerns and recommendations that surfaced from the audit should 
be drafted in a timely manner 

J Conduct a completion meeting. A meeting with the Coordrnator and the project 
manager IS held to resolve concerns, drscuss details not included in the report, and 
discuss remedial treatments 

J Resolve conflicts between those responsible for the design and the audit. 
Conflicting views of potential problems and/or needed countermeasures may arise and 
need resolved This IS when management commitment and a good understanding of the 
Road Safety Audit Process will assist 

J incorporate solutions into the design. All of the previous are Instrumental In 
allowing the most Important step of lncorporatrng solutrons into design to occur Srnce 
the Road Safety Audit Team reviews a project up to five times during project 
development, the Team can contrnually monitor progress and, not only ensure 
Incorporation Into the project, but also allow for Integration of successful Improvements 
into similar projects under design 

J The entire procedure can be repeated when the project enters into the next 
phase of project development. Experience with the process will help determine the 
number of audits to perform throughout a project’s development Not all projects need 
an audit In all five stages Factors will Include the type of project, when the inrtral audit 
was conducted, the level of detail reviewed previously, the time lapse from the previous 
audit, the level of team-expertise previously utilized, and the value added by the 
prevrous audit A continual review process will monitor previous Issues and any 
changes made since the previous audit 

Various approaches In all aspects of the framework [I e , team(s) members, selecting 
projects, conducting audits, documenting and communicating results, and incorporating 
improvements] of the pilot process were tried to determine cause and effects The 
process was continually modified as the various approaches were evaluated 

SAFETY REVIEW vs. SAFETY AUDIT 
Any United States agency using federal monies must perform a safety review of the 

project at the end of the prelrmrnary engineering phase and final design phase of project 
development These are not Road Safety Audits Both have their unique purpose and 
their differences are helpful In understanding the potential value of the Road Safety 
Audit Process The following Identifies the differences in the generally accepted 
Safety Review Process and the Safety Audit Process 

Safety Review utilizes a small team with desrqn expertise 
J Safety Audit utilizes a larger team with rnterdrsciplrnarv expertise 

Safety Review Teams are usually Involved In the deslqn or a srmrlar design 
J Safety Audit Teams are totallv removed and totallv unbiased 
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Safety Review Teams normally do not perform a field review 
J Safety Audit Teams will perform 1 to 5 field reviews on a single project Many 

concerns can only be discerned during a field review 

Safety Review Teams review plans to ensure that all design features are In complrance 
with Standards 
J Safety Audit Teams utilize a comprehensive Checklist that covers many design 

features not normally considered during the design of most projects 

Safety Reviews normally do not consider Human Factors Most crashes occur because 
of driver error 
J Safety Audit focuses on drivers’ reaction to certain hrohwav features, rncludrng 

Improvements, and discerns problems and concerns not normally considered 

Safety Review Teams normally do not consider the needs of other modes of 
transportation 
J Safety Audit Teams consider multi-modal safetv concerns, Including that of 

pedestrians, bicycles, large trucks, motorcycles, railroads, buses, etc 

Safety Reviews normally ensure that crash clusters and remedial Improvements are 
considered Thus IS a reactive approach to exrstlng concerns 
J Safety Audits normally do not consider crash history, but anticipate crashes This IS 

a proactive approach to rncorporatrng safety into roadway projects 

Incorporating the Road Safety Audit Process Into the Safety Review Process IS an 
issue that was often suggested so not to add additional steps into project development 
Roadblocks to this can Include the following 
. Timing - Early input IS vital, contrnual input IS desirable Normally, Safety Reviews 
are not conducted until near the end of the prelrmrnary design phase and again at the 
end of the final design phase of project development This may not be early enough In 
project development and may restrict rncorporatron of some Improvements 
. Time consuming reviews - Safety Reviews are conducted on almost all projects 
Auditing all projects may not be feasible considering existing human resources 
Downsrzrng the audit procedure may be needed without adversely affecting the 
effectrveness of the Road Safety Audit’s key elements 
. Acquiring multi-modal input - Safety Reviews do not normally consider multr- 
modal needs 
. Resisting project development constraints - This may be challenging since time 
and money concerns are always major issues 
m Incorporating additional safety enhancements - Normally, Safety Reviews 
evaluate existing features for compliance with standards and do not consider new or 
different approaches, which could be drfficult to incorporate due to time and money 
constraints Also, they do not normally Include field views, which provide valuable input 
toward attempts to maxLmlze opportunities to enhance safety and mrnrmize missed 
opportunities to enhance safety 
n Considering human factors - This IS challenging due to a lack of past emphasis 
and expertise, but may be able to be somewhat addressed through the use of 
checklists 
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DISTRICT PROFILE 
Located in western Pennsylvania, Engineering District 10 IS comprised of five 

counties Armstrong, Butler, Clarion, Indiana, and Jefferson The Dlstnct covers an area 
of 3,569 square miles with a population of approximately 400,000 There are 3,201 road 
miles under the Drstnct’s JuriSdiCtiOn of which 283 are on the National Highway System 
Most of the road miles are rural In nature The Engrneenng Drstnct Office has 243 
employees and has over 250 projects under design 

ROAD SAFETY AUDIT PILOT PROCEDURE 
The followrng will provide a summary of the procedure that Drstnct 10 used in the 

Road Safety Audit Pilot 

Selection of Teams 
A single Safety Audit Team of five members was used The Team members 

consisted of the following representatrves 
+ Traffic Engineer 
+ Construction Services Engineer 
+ Design Project Manager 
+ Maintenance Program Engineer 
+ Risk Management Engineer 
+ Comprehensive Safety Coordinator (Human Factor focus) 

All of the members were PennDOT Drstnct 10 employees, except for the 
Comprehensive Safety Coordrnator, who IS employed by the Indiana University of 
Pennsylvania and IS available to assist the Department In a community relation and 
educatronal capacity The Drstnct’s Pilot utilized a Road Safety Audit Coordrnator to 
direct the audits and document results The District Traffic Engtneer was selected as 
Coordinator and to provide expertise In signs, signals, markings, and safety The 
Construction Services Engineer had expertise in design, traffic engineering, and 
construction He IS also a member of the District’s Admrnistratrve Staff and the Program 
Management Committee The Design Project Manager provided expertise in highway 
design standards, accident reconstructron, and traffic engrneenng The Maintenance 
Program Engineer has experience In maintenance and traffic engineering The Risk 
Management Engineer provided expertise In tort liabllrty, traffic engineering, and 
environmental impact requirements The Comprehensrve Safety Coordinator was 
chosen to provide expertrse In the areas of human factors and highway safety 
education A preliminary meeting was held to familiarize team members with the Road 
Safety Audit Process 

The same team was used to review all of the projects In the Pilot Other employees 
having key expertise were utilized penodrcally as additional resource people 
(e g , brcycle/pedestnan needs In the feasrbrlrty and prelrmrnary design phases and work 
zone traffic control speclalrzatron In the pre-opening phase ) 
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Selection of Proiects 
The prolects that were part of the Pilot were selected by the Road Safety Audit 

Coordinator and the Assistant District Engineer for Design The primary consideration In 
the selection of the projects was to have a variety of project types currently in various 
phases of project development This was done so that the effect of the audit process 
could be evaluated for several different types of projects Eleven projects were chosen 
This group of projects ensured that at least one project would match up with each of the 
different audit stages 

The eleven projects selected were as follows 
o U S 422, Armstrong County (Krttannrng Bypass) - prelrmrnary engineering phase of 
a Capital Project covering five miles of new construction of a four lane concrete 
roadway 
o U S 119, Indiana County - prelrmrnary engineering phase of a Capital Project 
covering 10 miles of a two lane roadway being reconstructed into four/five lanes with a 
median barrier, left turn lanes, and jughandles 
o U S 119, Jefferson County (Jenk’s Intersectron) - prelrmlnary engineering phase of 
a SAMI (Safety and Mobility Inrtratrve) project covering the reconstructron of an 
intersection to provide a left turn lane and Improve intersection geometry 
o PA 66, Armstrong County (Forks Church 3R) -final design of a Betterment Project 
covering the redesign of SIX miles of rural two lane roadway with narrow shoulders and 
poor alignment 
o U S 119, Jefferson County (Punxy South Clrmbrng Lane) - feasrbrlrty stage of a 
Capital Project covering three miles of two lane reconstructron to provide a southbound 
truck clrmbrng lane 
o PA 56, Armstrong County (South Bend Bridge) - preliminary design of a 200 foot 
long Bridge Replacement Project that Included reconstruction and improvement of the 
roadway’s horizontal and vertical alignment 
o U S 119, Indiana County (Marchand 3R) - final design of a Betterment Project 
covering three miles of rural two lane with poor horizontal and vettrcal alignment 
o State Route 4023, Armstrong County (Tarrtown Road) - preliminary design of a 
Capital Project covering three miles of rural road with poor alignment and cross section, 
heavily traveled by large trucks 
o U S 119, Indiana County (Little Mahonrng 3R) - pre-opening phase of a Betterment 
Project covering three miles of rural road wrth project tasks Including the realignment of 
several cures 
a Butler County Surface Improvement Project - final design phase of a project that 
consists only of resurfacing various roadways throughout Butler County 
o U S 22, Indrana/Cambna Counties (Gas Center) - preliminary engineering of a 
Capital Project covering eight miles of new four lane construction, mostly on existing 
alignment, including several jughandles 
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Overview of Audit Procedure 
A full day work session was scheduled to complete each project audit The Road 

Safety Audit Coordinator began by giving a brief refreshing on the Road Safety Audit 
Process The Project Manager then provided information on the proposed scope of 
work and background issues of the project If a consultant was used for the design, thrs 
briefing was given with a representative(s) from the consultant’s design team present 
After the briefing, the Road Safety Audit Team reviewed the project plans and briefly 
discussed possible safety and multi-modal concerns with and without the Project 
Manager present The Team field viewed the site The field views were videotaped 
throughout the entire review to capture the audio of the Team’s dlscusslons and the 
video of the roadway’s features The Team then returned to the office to discuss the 
issues identified The outcome of these discussions was used for the development of a 
preliminary set of concerns and recommendations from the Team After the meeting, 
the Coordinator met with the Project Manager to determine If the recommendations 
were feasible, given the project’s current status, and determine what countermeasures 
may alleviate the cited concerns The Coordinator developed a short (one or two page) 
letter to the Assistant District Engineer for Design outllnlng the recommendations and 
concerns from the audit The completed checklists were Included Continual dlscusslons 
with the Coordinator and Project Manager took place until a remedial treatment was 
Incorporated into the project or an alternative means to mitigate the concern was agreed 
upon The Project Manager was asked to respond to the Coordinator’s letter The 
Coordinator monitored the project to determine If and when the next audit should take 
place Due to the limited timeframe of the pilot process and the need to try various 
methods of conducting the audits, lIttIe emphasis was placed on re-auditing any one 
project Focus was on conducting many audits using many different methods 

Conduct of Field Views 
The field views were conducted by having the Audit Team travel to the project site In 

a van The Team drove the project llmlts In both dlrectlons The Team also drove 
beyond the project boundaries to note features along adjacent sections and/or routes 
Each run was videotaped to provide a visual record and to record spoken comments 
from members of the Team No effort was made to reach consensus on issues noted 
during the field view As issues were raised, they were noted and discussed In detail 
upon return to the office The field view was used as a brainstorming session The 
videotape was often used to revisit issues during the deliberation session at the office 

Development and Communication of Recommendations 
The Team developed a preliminary set of recommendations based on their plan and 

field reviews Once these preliminary recommendatrons were developed, the 
Coordinator Investigated the feaslblllty of correcting the concerns relative to the project’s 
status The Coordinator developed a final set of recommendations regarding the project 
These final recommendations were sent In the form of an interoffice letter to the 
Assistant Dlstnct Engineer for Design with a copy provided to the members of the 
Team The Project Manager was asked to respond to the letter with intended actions 
As experience with the process progressed, only concerns were cited with no firm 
recommendations A meeting was held after the audit with the Coordinator and the 
Project Manager to discuss the cited concerns and possible improvements 
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BENEFITS 
Distnct 10 formed a quick appreciation that the Road Safety Audrt Process adds 

value In the form of safety benefits to road users The followrng IS a compilation of the 
benefits realrzed throughout the Road Safety Audit Pilot 
o It helped to ensure that changes to the roadway by the designs will not compromise 
safety through the scrutiny of the roadways’ crash potential and the projects’ scope 

P Checklists with a variety of safety items for review help to maintain a safety focus 

o The audits forced Project Managers to react to safety concerns early in project 
development before non-safety related constrarnts, such as time and money, were tn 
control of the project 

P The audits provided Input with concerns of road users not normally considered In the 
design of most projects These concerns became part of the scope of work, and not an 
afterthought when It may be too late to provide a remedial improvement 

P Approxrmately 50% of the crted concerns resulted In Improvements beyond the 
existing scope of work Although no Improvement has yet been constructed and 
expenenced traffic to determine tf the Improvements were beneficial, most were based 
on sound engineering pnncrples and previous successes, so they should assuredly 
provide a higher level of safety 

P Inherently incorporates “Qualrty through Prevent/on” which IS a core value of the 
Malcolm Baldnge Quality Assessment by ensuring that quality IS maintained by 
preventing some common occurrences 1 ) Undesirable effects of motorists whrch can 
create potential safety concerns and costly changes In the future 2 ) Certain standards 
or combrnatron of standards may be Inappropriate or unnecessary and can create 
potential safety concerns or detract from a more viable Improvement, and 3 ) Changes 
to design features made during value engineering reviews and/or constructron may 
create safety concerns A timely audit can ensure these occurrences are not unwary, 
unnoticed, or unchallenged. For example, drainage features are often compromised 
due to the high costs that can be saved Drainage IS one of the most important safety 
Items In a constructron project and It can also be the most expensive to correct after the 
fact A timely Road Safety Audit can help mrnrmrze these occurrences An improvement 
may cost a lot, but it will cost much more if you must retrofit later It may be an inferior 
product, also 

o Opportunrtres to enhance safety were maxrmrzed and missed opportunities to 
enhance safety were minimized by attempting to take advantage of the project to make 
needed safety Improvements Addrtronally, several occurrences of missed opportunrtres 
to enhance safety on recently constructed projects would been raised had those 
projects been audited 

o Experienced gained on a project, even through a “non-success”, was translated to 
other projects Successful incorporatron of improvements into projects prompted the 
Coordinator to then look for, and separately Integrate, these srmrlarly Into the 
development of other projects not having a formal audit 
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o interdrscrplinary input was valuable in citing safety concerns outside those normally 
cited by the present Safety Review Process Representatrves without a strong safety 
background raised many concerns Through brainstorming and achrevrng consensus 
among a team of multi-drscrplinary experts on many safety-related concerns, the Pilot 
Team Members also gained rndrvrdual knowledge of the other drscrplrnes lnformatron 
gained at every audit could be applied to other audits and day- to-day duties The Pilot 
Team also had the opportunrty to perform an audit with representatives of the Federal 
Highway Admrnrstration who provided valuable geometric design expertise that was 
obtained through experience with other State Agencies 

o Discerned concerns through site reviews and observing the roadway’s operation 
Field views occur throughout normal project development, but none focus purely on 
safety for all road users and allow for citing of concerns without regard of how the 
concerns will be corrected 

P Experienced Team members during field reviews found ways to build things 
cheaper It was not uncommon for “value engrneenng” and “constructabrlrty” to be 
discussed during the field views with cost saving suggestions resulting 

o The process forced communrcatron to occur throughout the drscrplrnes and better 
Informed the various work units of actions and IntentIons 

o Having access to the design throughout the development of a project better-enabled 
safety concerns to be cited by having a better understanding of the project and, simply, 
having more chances to scrutrnrze design features 

o Having access to the design throughout the development of a project better ensured 
that safety concerns did not get lost, removed, or changed throughout the project 
development 

q The process helped ensure the safest design for all road users Often, standards 
only provide the minimum treatment required This IS often not enough, especially when 
consrdenng a facrlrty that should be safe and compatrble for trucks, emergency vehrcles, 
and bicycles 

o Consrstency was created in many areas because the formal report was circulated 
throughout the agency and educated others responsible for similar designs It also 
created consistency by ensuring appropriate standards are being used and by 
consrdenng adjacent networks For example, the design of jughandles was modrfred 
due to the crash experience noted In another PennDOT District 

o Most Project Managers experienced a higher level of comfort through knowing that 
their project(s) have been scrutinized by others They were more assured that their 
design will produce the highest quality project possrble and will serve all road users The 
Road Safety Audit Team was also called upon for review of specific features with which 
a project manager was struggling This served to assist the project manager and to 
encourage and build confidence In the Audit Team However, care was taken not to use 
the process “as a crutch ” 
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TYPICAL I PROVE ENTS 
A variety of improvement types resulted from the audits Intersection improvements 

were the most drastic changes to the scope of work. These included basic 
Improvements, such as a removal of earth banks to improve the available corner sight 
distance and an addition of left turn lanes to reduce the number of stopped vehicles on 
the roadway These also included more complicated improvements, such as a 
realignment of the approaches to Improve the vehicular movement conflicts and a 
redesign of an interchange to eliminate left turn movements and create driver-friendly 
and safer right turn movements. Major effort was given toward consideration of 
replacing an at-grade, signalized Intersectron with an interchange The improvement 
ultrmately was not incorporated into the constructron project because of environmental 
and money constraints, however, the Drstnct IS consrdenng a separate future project 

The presence of fixed objects IS a very common concern that arose from the audits 
Focus was often on removrng, relocating, and/or combrnrng above ground utilities that 
posed as potential fixed object hazards, partrcularly where there may be an undesirable 
increase In vehicular speeds This potential IS best determined through field reviews 
focused purely on safety 

Access Management Improvements, such as relocatrng, removing, and/or 
elrmrnatrng driveways were successfully Incorporated into the design of projects Since 
these improvements tend to be unfavorable for the affected property owners, these 
types of improvements were successfully Incorporated when addressed early, but not 
without a consrderable amount of effort from the Project Managers 

Two projects successfully Incorporated a paved and protected area to the side of the 
roadway that will be utrlrzed for weight, Inspectron, and speed enforcement to control 
adverse driver behaviors 

Jughandles were modified to include highway lighting, to be more uniform with 
others on adjacent roadways, and to better accommodate trucks Also, the Road Safety 
Audit Team made the District consider the use of a wider median instead of median 
barrier through a location so as to not utilize jughandles or restrict pedestrian travel 

Other identified concerns/opportunities that resulted in design change considerations 
included 

o lntellrgent transportatron system potential In adverse weather issues 
o Capacity concerns created by trucks on long, steep, single lane downgrades 
o Driveway sight distance concerns for anticipated increase in speeds 
o Substandard acceleratron/deceleratron lanes just outside project limits 
o Pedestrians inability to cross a roadway when median barrier IS to be placed 
o Headlight glare concerns created on mainline by new frontage roads 
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COSTS 
It IS estimated that the average cost of an Audit In the pilot process was $2,000 to 

$5,000 This cost includes only salary and equipment costs from the Team using only 
Department employees (Naturally, added improvements have added costs to the 
project development, however, this IS not considered as a cost of the audit ) This IS very 
little for the amount of success achieved Most of the time and efforts were placed on a 
select few projects Not all projects necessitated the same level of effort to conduct the 
audit Given rough estimates that were made and based on a simple $50/hour analysis, 
conducting an audit added between $2,000 and $3,000 per review, per project In salary 
and equipment, when conducted Internally These costs are comparable with estimates 
produced in the United Kingdom, Canada, and Australia Audits conducted by an 
external Team, such as a consultant or another agency, were not used However, 
projects utilizing consultant-engineering designs created a slrghtly higher audit cost of 
$4,000 to $5,000 

The Pilot also had “rntangrble costs” that cannot have a price tag placed on them 
They were not Insurmountable and were mrnrmrzed through awareness They Include 
the following 
. Any concern that was cited may raise an issue In a lawsuit that may not have been 
raised If It had not been cited by the agency, itself 

. Concerns that are not addressed may be considered a tort lrabllrty if it gets to the 
attention of a party in a future lawsuit 

m Delays and changes were Inevitable and generated costs In the form of lost time 
available for other duties One redesign created a loss of credrbrlrty with property 
owners when It also forced undesirable, additional right-of-way acquisitions Property 
owners were told that their property would not be affected by the project and the audit 
created a change in the design and a need to acqutre some of their property This 
created distrust Property owners do not appreciate nor understand that changes in 
design occur, let alone ones that affect them personally Credrbrlrty IS very important to 
an agency 

. Redesigns caused the timing of the projects’ mrlestones to become off-track No 
different than any other change, the audits created many unplanned changes 
However, after the pilot began, many Project Managers began to anticipate the 
possrbrlrty of changes The key IS to start early to mrnrmrze conflicts associated with 
letting dates, completion dates, and commitments 

12 



Road Safety Audit Senunar References, Page 45 

CHALLENGES and OPPORTUNITIES 
Because the Road Safety Audit Process IS a new concept to PennDOT and to most 

of the United States, and because the process Involves time, money, work, and change, 
problems were expected and problems occurred Problems occurred In several of the 
methods used when varying the framework of the pilot Problems also occurred In the 
form of failed attempts, or “non-successes”, to Incorporate needed Improvements 
However, the pilot was structured to accept the problems and/or failures, learn from 
them, and use them as opportunities to Improve the process and other projects Some 
may reason that since not all of the cited concerns were accepted, senior management 
wrll not allow the process to control the delivery of roadway construction projects but will 

only allow it to work when convenient This was not true However, even if it were, so 
what’ Many improvements resulted at a small cost along with opportunities to apply the 
experiences of the non-successes on other similar project where exrstrng condrtrons 
may permit incorporation This IS not failure, but an opportunity to improve the overall 
roadway system Well acclaimed screntrst, LOUIS Pasteur IS quoted as saying ‘I learn 
more from my farlures than from my successes v This quote IS most appropriate when 
concerns that were raised did not result In rncorporatrng Improvements The pilot 
accepted these non-successes and analyzed them to help provide Information in 
determining how to best adapt the process 

The challenges and opportunities Include the followlng 
o Numerous concerns were challenged because the audit was conducted late In 
project development after many decisions were made and the project advanced 

o The Road Safety Audit Process requires a considerable amount of the Coordinator’s 
time Since the Coordinator’s time and benefits gained were found to be directly 
proportronal, maintaining aggressrveness was difficult 

3 High level managers participating on the team created successful audits, however, 
their busy schedules constantly changed, often by others and beyond their control 
Organrzrng and postponing field reviews created frustration 

o Team members changing positrons was also experienced This required a new 
learning curve for the replacement member and caused a loss of experience for the 
Team 

o Usually no plans existed early in project development when it was best to begtn an 
audit This made a detailed review more drfficult because some features and design 
decisions were not yet made and there was no foundation on which to begin This also 
required the Coordrnator to track numerous options, possrbrlrtres, and drrectrons 

o It was found that there is a very short window of opportunity when change was, 
somewhat, easy When the initial review was during a later phase, drfficultres with 
design changes occurred and selling was dtfficult Because of many futile experiences, 
the Pilot elrmrnated reviews during later phases when there had been no rnrtral review 
early in the project development phase 
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o Recommended changes that forced the scope of the design outside of the 
environmental footprint were challenged (and not Incorporated) because time needed to 
reevaluate environmental impacts may have delayed or even jeopardized the project 

o The Safety Audit Team received some of the same pressures from the constraints 
often experienced In normal project development, such as money and time 

o Decisions to incorporate improvements were, at times, controversial and required 
many meetings, drscussions, and changes This required time and cost money, 
especially when consultant design was utrlrzed 

o The Coordrnator spent a lot of time determrnrng the best way to state concerns due 
to fear of tort lrabrlrty The Project Managers had even a more drffrcult time trying to draft 
responses to the formal reports It was difficult to determine when the completed formal 
response should be drafted This IS due to the dynamic process that does not occur 
synchronously for the various concerns Some are resolved quickly, and some slowly 
There IS no convenient time to respond and be assured that addenda will not be needed 
and tort lrabrlrty will not be created Several Issues were not accepted due to 
environmental Issues but were later resolved after the response was drafted 

o Unnecessary work occurred through a lack of timely communication A project had 
a major down scoping occur for fiscal reasons Because the Coordinator was unaware 
of this change, an unnecessary and futile field review occurred In another project, the 
Coordrnator also performed research unnecessanly to sell a concern when the change 
was already accepted 

o Metric plans created frustration (Pennsylvania IS relatrvely new to metrication and IS 
proceeding through a major learning curve ) Although most Designers and Project 
Managers are famrlrar with metric designs, many other drscrplrnes are not, causing 
frustration and making It dlfflcult and cumbersome to compare design standards to field 
condltlons Also, issues may have been Inadvertently overlooked due to unfamiliarity 
The Team was made up of “old dogs” that are trying to learn “new tricks ” 

o Every project had unique road users and stakeholders It was dlfflcult to gain input 
from all concerned Having a representative from all local munlcrpal officials, emergency 
services, transit agencies, businesses, and interest groups on the Road Safety Audit 
Team IS desirable but was unmanageable (PennDOT occasionally utilizes Community 
Advisory Committees to gather concerns In selected projects, however, the enormous 
amount of time required for this made It impractical for all Road Safety Audits 
Therefore, the Team acted in the interest of all road users through using their 
experience and discussing Issues with appropriate non-agency members ) 

o Too many people involved In an audit made reaching consensus challenging and, at 
times, stifled issues because consensus could not be reached 

o The Pilot was successful In only approximately 50% of attempts to Improve partlcuiar 
situations Mostly because late changes can be difficult to Incorporate and still remain 
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on time and budget and, for evaluation purposes, the types and phases of protects that 
were audited were varied which disadvantaged many attempts from the start 

o Maintaining “Buy-In” throughout the Pilot was often challenging Many Issues 
scrutinized by the team were closely reviewed prevrously through the normal project 
development This was occasionally looked upon as potentially destructive by 
considering going backwards in project development This was minrmrzed by lrmrtrng 
dialogue with those involved with the design to only necessary communrcatron Also, 
because many issues raised by the audits were also raised through the normal 
development, lengthy audits rose questions as to the “value added” by the audit 
process This can be mrnrmized through experience with the audit process by selecting 
projects and project phases more conducive to the audit process having less repetition 
of that In the agency’s routine project development In addition, many representatives 
throughout the Design Section of the Engineering District Offce were reluctant to accep 
another procedure within the busy and structured project development However, those 
involved with the audits appreciate the benefit potential of a review focused purely on 
safety with a relatively limited Investment of time. Gaining buy-in from the other 
Engineering Districts was extremely challenging Sufficient briefings throughout the 
pilot, prior to discussing statewide rmplementatron among district counterparts, was not 
performed which resulted In most being reluctant to accept the Road Safety Audit 
Process upon the first drscussron due to the common fears of too much work, etc 

WHAT IS BUY-IN? 
The Road Safety Audit Process IS not a radical change In project development, 

however, it IS a change Since change IS not always well accepted, It was very helpful 
that all Involved understood and accepted the Road Safety Audit Process as a tool for 
enhancing the safety potential of the construction project The Pilot discovered that 
audits could be conducted more smoothly through a commitment to safety when the 
following issues are understood by and remain acceptable to Senior Manaqement 
+ Wrllrng to commit human resources necessary to conduct audits 
+ Willrng to commit human resources necessary to redesign portions of the project 
+3 Wrllrng to commit funds necessary to Incorporate Improvements 
+3 Willing to adjust programs to find funds necessary to incorporate improvements 
+ Wrllrng to investigate new ideas 
+ Wrllrng to move outside the scope of work 

The Pilot discovered that audits could be conducted more smoothly If the following 
issues are understood by and remain acceptable to the Road Safetv Audit Team 
0 Some time must be devoted 
l 3 Audits are not the ultimate authority, and are used as a tool to identify safety needs* 
+ The Drstnct has multiple needs 
l 3 Wheels may sprn 
+ Not all concerns can be feasibly corrected 
l 3 Gaining consensus helps support cause 

‘t 

* The Dlstnct chose to use the audit process as a tool, not ultimate authority Some 
Project Managers expressed interest In u/t/mate authonty to support Issues that were 
deferred to money and time, however, fhrs may have jeopardized Management buy-in 
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OBSERVATIONS 
The Road Safety Audit Pilot continually evaluated ten previously mentioned factors 

as various methods were used In the trial-and-error procedures so that successes and 
non-successes would help In determining the optimum adaptation The followlng 
highlight the noteworthy observatrons 

TEAM MAKE-UP: The make up of the Road Safety Audit Team was an extremely 
important consrderatron In ensuring a successful audit The Pilot selected Dlstnct 
representatives having backgrounds that were Identified In the prior research as the 
drscrplrnes most needed for Road Safety Audits The pilot team consisted of five 
members with strong backgrounds In safety, traffic engineering, risk management, 
accident reconstruction, design, constructron, maintenance, and programming 
drscrpllnes of highway engineering All members had a variety of the needed expertise 
Human factors expertrse was not available within the Drstnct and the Pilot did not seek 
an expert However, the Team included an rndrvrdual from Indiana Unrverslty of 
Pennsylvania who associates dally with the local schools and aging agencies Police 
officers could have been utrlrzed If accident reconstructron expertrse was not available 
However, the need for this expertise was not felt to be as Instrumental as were the 
others Their knowledge of the operatronal concerns of the roadway IS very useful and 
having them as a resource person was helpful Since the Road Safety Audit Process IS 
to be independent of the routine safety reviews, the Pilot Team did not Include the 
Safety Engineer Successful audits were conducted without this expertise AddItIonally, 
It IS very beneficial that Road Safety Audits are conducted as an added level of safety 
that focus on less obvrous and tradrtronal design features 

Naturally, knowledge of safety IS a must Understanding the AASHTO Roadside 
Design Guide, posrtlve guidance technrques, and how and why crashes occur were very 
valuable skulls In determining potential problems Knowledge of current standards 
assisted In quickly rdentlfylng to the team what the roadway features will look like 
Geometric design expertise helped in relating the relative safety associated with the 
various design features 

The entire Team must thoroughly understand the Road Safety Audrt Process and 
accept the bad with the good Not all concerns may be accepted Understanding the 
process IS necessary so the field reviews will remain productive and concerns raised 
remain reasonable and prudent Having at least one high level manager assisted In 
marntarnrng credrbrlrty by adding well-rounded knowledge of the agency and, therefore, 
helped determine what may be feasible and what may not 

The Road Safety Audit Process needs a person that fully understands and 
embraces the process to be the Coordrnator When the Coordrnator IS Inactive, so IS the 
Team, and so are opportunrtres for Improving safety An aggressive Coordinator can 
greatly help in monrtonng recommendatrons, auditing more projects, and staying in 
constant contact with Project Managers 

Separate Road Safety Audit Teams reduces the amount of time of the team 
members and allows specific expertise to be utrlrzed for appropriate projects 
Marntarnrng the same team throughout the process builds expertise, provides 
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consistency from project to project, reduces the possibility of making the same mistake 
twice, and reduces the possibrlrty of missing the same opportunity to enhance safety 
tWlCe 

The Pilot Team occasionally had additional members attend plan and field reviews 
to provide specific expertise A large group made reaching consensus and maintaining 
focus very challenging 

Non-agency members may also provide valuable Information, however, there IS a 
rak of losing control of the project by potentially allowing unfavorable Information 
outside of the agency It may be better to search for the needed information offered by 
others through other formats An agency may not have all of the recommended 
expertise, therefore, training may be necessary Training In the needs of pedestrian and 
bicyclists was provided to several members 

As team members change, so will the training needs In time, expertise will build 
The Team also must buy-in to the Road Safety Audit Process by understanding the 
process and their role 

EMPLOYEE T/ME: The Team met when reviews were scheduled This was 
approximately one day per month The Project Managers that had a project subjected to 
a Road Safety Audit needed time for preparing briefings, attending field views, 
searching for solutions to concerns, redesigning features, contacting property owners, 
resubmrttrng for required approvals, communicatrng with the Coordrnator, and seeking 
necessary funding increases This was approxrmately three days per month The 
Coordrnator needed time for arranging meetings and field reviews, analyzing field notes, 
processing reports, communicating with designers, and researching possible solutions 
to concerns This consumed approximately five days per month for ten separate audits 

Time and effort are directly proportional to the value added and quality of an audit 
That IS, the more time and attention to details given to the plan and field reviews, the 
greater the number of safety concerns that are identified, and vice versa If the Team 
had early successes which gave the team confidence and enthusiasm If the Team was 
given projects that were destined for failure, I e , too late In the project development or 
already over budget, or rf their concerns were not taken seriously, It IS felt that future 
audrts might have been less thorough 

A single audit required from one day to two weeks to complete and varied on the 
complexrty of the project, thoroughness of the Audit Team’s understanding of the 
project, and level of detail in reporting concerns Most audits were performed in two 
days, however, the Coordinator had to acquire additional information to help with final 
determinations that prolonged the audit process in two audits 

COSTS: Most of the improvements incorporated Into projects resulting from Road 
Safety Audit Reviews involved extra work and resulted In addrtronal costs Additional 
costs were never an issue in rejecting an improvement The costs associated with 
safety concerns were generally accepted Cost was a reason for not incorporating an 
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improvement only when the recommendations cited were well beyond the scope of the 
project (DELAY seems to be more of a constraint ) 

Initial audits are more time consuming and, therefore, slightly more costly due to the 
time needed to become familiar with the project Subsequent audits were somewhat 
lower In cost to conduct The cost of audits were somewhat higher when rnrtral reviews 
were made during a later phase due to the amount of time needed to gain support for a 
change at the later date 

Not all projects necessitated the same level of effort to conduct the audit Given 
rough estimates that were made and based on a simple $50/hour analysis, an audit 
adds between $2,000 and $3,000 per review per project In salary and equipment These 
costs are comparable with estimates produced in the United Kingdom, Canada, and 
Australia Audits conducted by an external Team, such as a consultant or another 
agency, were not used 

DELAY: The Pilot was well accepted by most involved Most knew delays may occur 
and was part of buying into this “safety Improvement” Audit Process Concerns cited 
later In the project development phases delayed the design, however, no project missed 
a letting due to redesigns These concerns usually resulted In rncorporatrng the 
improvement that will cause the least delay A Capital Improvement Project underwent 
major redesigns and was in jeopardy of missing a major commitment because of 
concerns that were raised But because the concerns were valid safety concerns, the 
District underwent major efforts necessary to incorporate the changes For most audits, 
delays occurred, however, projects were not unreasonably delayed because letting 
commrtments over-rode decisions to Incorporate Improvements that would greatly delay 
the project Because these concerns did not result In Improvements does not suggest 
that the audit process failed The Coordinator can utrlrze the knowledge to have an 
Improvement Introduced through another project at another time and the lesson learned 
can be utilized In another project 

Delaying projects was found to be the most sensitive issue rn the Road Safety Audit 
Process It IS even more sensitive than money because money can be moved or items 
can be eliminated Time cannot be changed and commrtments reflect on an agency’s 
credrbrlrty and are extremely Important to uphold 

DOCUMENTATION: Field reviews were extremely valuable and key in citing concerns 
Many things were said and discussed during field reviews Typical brainstorming 
technrques were not easy to perform In a van during a moving field view Also, many 
conflicts occurred that did not get resolved during the field view Documenting 
everything was extremely difficult Do you bring a secretary? Do you take the time to 
write all brarnstormrng concerns down before you move on7 We chose to videotape the 
entire field review, including brainstorming issues This was found to be valuable, 
however, it requires much of the Coordinator’s time to decipher notes afterwards 

Documentation can range from too lrttle to too much Some Agencies utrlrzrng the 
Road Safety Audit Process have produced Audit Reports that are extremely 
comprehensrve and volumrnous An agency needs to determine the optimum level that 

18 



Road Safety Audit Semmar References, Page 51 

captures all concerns, conveys needed Improvements, communrcates results, but does 
not restrict flexibility, increase tort exposure, and create unnecessary paperwork The 
pilot vaned the methods of reporting results to the Project Manager Having no formal 
report reduced the concern of tort liability, but It caused a lack of communrcatron and 
incorporation of results in many instances Experience wrth the process will determine 
the optimum level. The Pilot incorporated many improvements with minor 
documentation because the Audits were performed internally and communication was 
open and continual Most reports consisted of a one or two page letter from the 
Coordrnator to the Assistant District Engineer for Design (second only to the District 
Engineer in authority) and cited concerns (with lrmrted recommendations) with the 
checklists available for background data 

Citing specrfic recommendations was found to be undesirable because it left the 
Project Manager with no flexrbrlrty It may also create unnecessary tort lrabrlrty on the 
projects where a recommendatron was not accepted for even very logrcal reasons A 
formal report crtrng concerns, and not recommendatrons, followed by a meeting with the 
Project Manager to resolve concerns, discuss details not included, and select remedial 
treatments was found to be the most welcomed method by all Involved The report 
needed to be timely so the short windows of opportunity were not missed and 
information not forgotten 

Team members were always concerned with their comments creating the potential 
for tort lrabilrty by documenting concerns that may not be remedied This rnrtrally stifled 
ideas during field reviews, however, the concern was limited by showing that the reports 
can be carefully prepared and worded to mrnrmrze tort exposure and convey potential 
needs 

Project Managers constantly needed reminded hat a formal report back to the 
Coordinator IS required for closure There was no optimum time to draft this response 
and be assured that addenda will not be needed and tort llabrlrty will not be increased 
Solving the concerns is a dynamic process that does not occur synchronously for the 
various concerns In the audit report 

An audit team from outside of the agency was not used The reports from an 
external audit team, that may have lrmrted regard of the agency’s tort Irabrlrty, could 
potentrally be damaging and serve to be counterproductive If the agency’s entire 
program management IS not considered This IS not to imply that concerns should go 
unstated when faced with difficult decisions, but that the preparation and wording of a 
report can make a big difference in the added value of an audit 

W/TABLE PROJECTS: The pilot included many of the various types of project to 
determine If the value added vaned wrth project type It was determined that the type of 
project has a bearing on the suitability of Road Safety Audits In the district Capital 
improvement projects were excellent candidates for Road Safety Audtts They 
resulted in the most number of successful improvements because they generally had 
more time available in which to redesign, already involved right-of-way acquisitions, and 
had the greatest level of funding available to absorb cost increases New construction 
projects generally have less constraints and more funding which IS often a rare 
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opportunity to make extraordinary improvements that may provide a safe and efficient 
roadway for years to come PennDOT utiltzes many processes throughout normal 
project development that are intended to identify the vast number and variety of 
stakeholders’ needs Normal project development for larger projects may include publrc 
hearings and additional internal reviews that provide similar beneficial Input that could 
lessen the need for, or the value added, by an audit For example, the District IS 
presently designing some projects with the assistance of a Community Advrsory 
CommIttee that IS made up of many local stakeholders that provide continual input on 
the needs of the community and assist In project development Although concerns were 
stall Identified, efforts may have been better utilized on other projects 

Rehabilitation projects are also good candidates They generally provided 
opportunrtles because the lnltral scope of work IS already broad, already Includes nght- 
of way acqursrtron, and can Incorporate Improvements with only minor changes They 
have a higher level of funding that can absorb cost increases Because much of 
PennDOT’s available funds are used to provide winter services, diligent planning was 
required to provide these types of projects on the major arterial roadways on a ten year 
cycle If you do not Include needed safety Improvements at the time of the project, 
another opportunity may be ten years away 

Road Safety Audits on projects utrlrzrng Federal Hazard Elrmrnatron Funds (Safety 
Projects) did not result In many concerns They generally Included a much smaller 
section of roadway and had an exrstrng emphasis on safety 

Bridge reconstruction projects benefited from audits However, only the projects 
involving a complete rehabrlrtatron were found to have successfully incorporated 
Improvements because most are providing an effort to improve the alignment and 
roadway approaches Other than bringing some features up to current standards, 
projects rnvolvrng only deck replacements have a very narrow scope and do not relate 
to features scrutrnrzed by an audit 

Surface improvement projects can be notorious for painting the road black and not 
lookrng back In other words, they are to Improve rrde quality and extend pavement life, 
and have lrttle money available for addrtronal Improvements They are usually funded by 
State monies, which tend to be stretched as far as possible The Pilot found little 
support for major Improvements Ironrcally, this IS probably where there were the most 
concerns, because speeds will be Increased and most design features were not 
improved. Therefore, unless the agency will consider drastically increasing the scope of 
work, surface Improvement projects are not good candidates for audits 

Permit projects usually have no lead-time, receive little cooperation from property 
owners, and involve funding outside of the agency, making them very difficult to 
successfully audit Ironically, because lrttle or no public money may be involved, the 
benefits and opportunltres In an audit could be enormous But, there will be resistance 
from the developer with redesigns and continual reviews 
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W/TABLE PHASES OF PROJECT DEVELOPMENT: The Road Safety Audit Pilot 
audited projects in the various phases of project development and monitored the 
experiences and results to determine tf success was dependent on the phase It was 
rmmedrately obvious that audtts rnrtially performed In a later phase were not necessarily 
doomed for failure, but resulted In an rncorporatron of a fewer number Improvements 
The defining line appears to be the completion of the environmental approval After this 
time, the amount of effort needed for major design changes IS greatly increased and 
often resisted 

Successfulness of the audits depended on the type of project and the phase at 
which cited the concern Early audits had a much higher probability in getting concerns 
corrected because there IS a construction project that can rmmedrately address the 
need Most concerns cited In preliminary engineering phases were addressed 
Concerns cited in the later phases of projects (beyond mid point of final design) were 
scrutinized more closely and required cost beneficial improvements to be incorporated 
If there was more than one way to address a concern, the least expensive way was 
selected at this point 

During Construction, or the Pre-Opening Phase, the audit was very beneficial In 
determining tf the changes that were made In the field to the design were acceptable 
Mostly changes of this nature were due to constructabrlrty problems, which left no other 
choice, but to make the change The Road Safety Audit Team knows that these 
changes are inevitable But, another audit in this phase can determine If there was a 
corresponding safety concern and attempt to compensate for the change If It was 
strictly a monetary decrsron, which are also rnevrtable, the audit still allows time for the 
agency to weigh the potential safety concerns against the costs associated with 
reconstructing now, or even worse, later after the contractor IS gone 

Concerns initially raised after construction started were very difficult to sell because 
of the numerous ramrficatrons that are involved in late changes These audits were 
beneficial in Identifying concerns relating to utrlrty locations and roadside barrier 
designs Any concern first raised while the contractor has begun work will most often be 
very costly due to being addrtronal work, although, It will be less expensive than after the 
contractor IS gone Some field construction personnel did not buy into the Road Safety 
Audit Process due to other numerous demanding pnontres during constructron In fact, 
one Project Engineer stated- ‘Surer As soon as you guys leave, another van load will be 
here to see how I’m controllrng my cost overrunsr” 

Once the contractor IS gone, the cost to improve a roadway IS increased drastrcally 
and the desire to make changes decreased drastically, therefore, in-service audits were 
not successful The agencies performing Road Safety Audits consider In-Service and 
Existing Road Reviews as a completely separate process from Road Safety Audits 
Mostly because It IS usually futile to expect that a roadway built prior to 1960 can 
feasibly conform to the safety standards of today without the benefit of a rehabilitation 
project However, often a review of an existing roadway can result in a list of locations 
that can be Improved, systematrcally, In a low cost manner The risk IS that the list may 
be long and become a potential tort lrabrlrty 
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CONTROL: Research of the Road Safety Audit Process Indicates that various agencies 
prefer to have Police and other outside representatives on the team However, 
unfavorable decisions based on all exrstrng constraints and rnformatron at the time often 
need to be made that could be damaging and/or counterproductive If improperly 
exposed outside of the agency Some non-agency personnel may have hidden agendas 
that may be counterproductive, also A few issues were discussed during the pilot audits 
that could have been unpopular with certain interest groups/officials and may have 
created difficulties for the Drstnct If they were Involved (Drsclarmer Nothing cnmrnal, 
unsafe, or unethical ) The fact remains that there would have been certain levels of risk 
of having Issues become public at Inopportune times causing possrble loss of control of 
the projects’ scopes and schedules During the pilot, PennDOT remained reluctant to 
routinely include outside representatives as part of the core Team This will be 
addressed with close attention, because of the value added by local knowledge 

The Road Safety Audit Process did not control the projects Controversral 
improvements were not incorporated If delaying the letting was a possrbrlrty This IS not 
unacceptable even from a pure safety perspective when the overall program 
management IS considered The buy-in process of the audits maintained the 
perspective for the audit reports to be used as an additional tool for the Drstnct Engineer 
to help identify potential use of funding and not as “unfunded mandates ” Some 
improvements were desirable, but were not worth delaying or losing a badly needed 
project The posrtrve perspective IS that thrs should not be an Issue If the Road Safety 
Audit IS performed early enough In project development If It IS not, those responsrble for 
project management will need to make a difficult declslon Furthermore, If the 
Improvement IS not accepted, the Project Manager and the Road Safety Audit Team will 
have learned from the experience 

CONFLICT RESOLUTION: Conflicts were expected to arise at three time frames In the 
Road Safety Audit Process and were monitored to provide rnformatron to determine If 
the process IS feasible and how to best reach consensus Conflict resolution In citing 
concerns, reporting concerns, and accepting remedial improvements can allow the 
process to succeed or fall The pilot had a set and accepted procedure prior to 
beginning The ground rules included 1 ) The team must reach consensus on citing 
concerns, 2 ) The Team must avoid hidden agendas, and 3 ) The Team must accept the 
decrsrons of the Project Manager 

Only minor conflicts arose within the team In crtrng concerns and consensus was, 
most often, easily reached It appears that the ground rules contributed to gaining and 
marntainrng the necessary buy-in of the Road Safety Audit Process Pilot When the 
Team consisted of more than five members, consensus was often not obtained and 
some concerns were not formally cited Consensus could not be reached on a major 
issue In a project creating a lengthy delay In the audit process so support information 
could be obtained and challenged the proper method to document the concern It also 
challenged some support staffs’ buy-in to the Road Safety Audit Process when their 
recommendatrons were not endorsed by the Team Ultimately, however, having the 
Issue raised and discussed In detail appeased the staff 
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Secondly, when recommendatrons were reported, many conflicts arose because the 
Project Managers could not always incorporate all improvements exactly as requested 
due to various reasons. When only concerns were cited and a follow-up meeting was 
held to resolve the concerns in the best manner feasible, conflicts were avorded This 
was the most effective procedure, partrcularly In the later phases when time and money 
were most critical, because It provided flexibrlrty In the Improvement that IS Incorporated 

Lastly, when incorporating Improvements Into the project, conflrcts rnvolvrng money 
and time were the most common. Improvements that could negatively impact project 
development by bankrupting or senously delaying the project were very difficult to sell to 
the Project Managers The District has a Program Management Committee at the 
Administrative Staff level that was ready to make final determrnatron relative to cost and 
delay, when necessary Most often, conflicts were resolved through finding ways to 
collectively resolve the concern in a manner acceptable to the Coordrnator and the 
Project Managers An external audit team may make this a bit more challenging 
because of their increased resistance toward the constraints 

The most drlficult conflicts to resolve were those that arose from audits during the 
pre-opening phase The construction Project Managers also need to buy-in to the Road 
Safety Audit Process and are very important to Its success because their field changes 
may unknowrngly create safety concerns Also, during construction, time IS of the 
essence, which makes Improvements requiring changes drfficult to sell and Incorporate 
Construction Project Managers have many conflicts to resolve In order to complete 
projects on time and within budget at this stage, any changes must be unanrmously 
agreed upon and cost effective 

LIABILITY: Identifying concerns that may not get adequately addressed, even for good 
reasons, may be damaging in future torts Even concerns adequately addressed could 
be damaging in torts from crashes that occurred years ago by providing ammunition for 
a plaintive that a concern exists Having a process focused on addressing safety 
concerns of all varieties has to reduce tort exposure Agencies utrlrzrng the Road Safety 
Audit Process believe that everything should be well documented, however, many 
agencies are protected in courts A Pennsylvania Statute that deems safety studies as 
“non-discoverable” protects sensrtrve reports The reports during the pilot clearly 
included the following “Confidential - In-depth Safety Study In accordance wrth PA 
Consolrdated Statutes Tit/e 75 - Vehrcles (Vehrcle Code) Sect/on 3754 and 23 U S C 
Sectron 409, thrs safety study is confident/al and the publrcatron, reproduction, release, 
or drscusslon of these matenals is prohibited without the specific written consent of the 
PA Department of Transportatron’s Office of Chief Counsel Thrs safety study IS only 
provrded to official agencres with otRc/al dutietiresponsibilrtres in the project 
development.” However, this did not cause the Audrt Team to take a shotgun approach 
and cite Irrelevant concerns just to cite concerns The Audit Team was prudent and 
responsible when raising concerns Concerns and/or recommendations were to 
enhance safety, but they were feasible (An extreme example IS the Audit Team drd not 
recommend a by-pass when the scope of work of the project IS to resurface a roadway ) 
An Irresponsible report will only serve to potentially cost the agency much-needed 
dollars A report needs to be clearly thought out to prevent restnctrng flexrbrlrty for the 
Project Manager In case issues do not get resolved in a timely manner 
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RECO MENDATIONS 
The followrng IS a comprlatron of recommendations for adaptation of the Road Safety 

Audit Process that are based on PennDOT Dtstnct 10’s expenences 
o Achieve Management Commttment (“Buy-In”) at all levels prior to beginning The 
Road Safety Audit Process can distract an agency from their normal project 
development routine by adding addrtlonal reviews which usually results In changes, 
addltrons, and/or deletions of portrons of the design This can cause delays, cost 
overruns, and conflicts If those involved do not understand, accept, and prepare for the 
posslbrlrty for change Having buy-in at all level of project development, I e , Dlstnct 
Engineer, Plans Engineering, Program Engineering, Designers, Road Safety Audit 
Team, Safety Review, and all other Involved internal and external Units, helps to allow 
the Process to be effective 

o Utilize a Coordrnator to keep the process moving and allow It to be effective for a 
number of projects by coordrnatrng reviews, preparing accurate comments, InteractIng 
with many Project Managers, selling safety concerns, determining adequate solutions, 
and resolving conflicts To effectively do all of these requires a person(s) that has 
knowledge, experience, and enthusiasm To effectrvely do all of these requires a person 
that has knowledge, experience, and enthusiasm Because timing IS often cntlcal to 
success, the Coordrnator’s role must be very active so communlcatlon IS maintained 
with the Project Managers throughout the development of the projects 

o The Coordinator and Project Manager should work closely but separately The 
Coordinator must be kept current on all projects undergoing audits through periodic and 
open communication Accurately advising each other (Design/Road Safety Audit) of the 
status and events of projects in a timely fashion can prevent “ wheel sprnnrng” from 
unnecessarily occurring For example, a project that was In the Prlot’s Audit Process 
had a major down-scoping, I e , from a Betterment Project (major reconstructron) type to 
a Surface Improvement Project (1 l/2 “ of bituminous concrete, ONLY) without the 
knowledge of the Coordinator, which resulted In a futile field review The Coordinator 
also needs to be kept current on the status of previously cited concerns 

q Although, It IS very Important that they remain separate, so they remain excluded 
from normal biases and constraints 

o Select an rnterdrscrplrnary team with experience lnterdrscrplrnary knowledge ensures 
that safety concerns are considered from all facets of highway engineering Experience 
ensures a high quality review Also, Team members must be adept at vlsualrzlng 
planned features since plans often do not exist during audits 

o Limit non-agency team members Non-agency members may provide valuable 
Information, however, there IS a great risk of losing control of the project by potentrally 
allowing unfavorable information to get outside of the agency. Decrsrons were made and 
rnformatron revealed during the audits that could have been mrsconstrued and 
potentrally damaging If not all of the facts surrounding the crrcumstances were known 
and/or understood Therefore, It may be better to search for the information offered by 
others through other formats Non-agency Team Members may not be a concern once 
the process becomes more widely accepted so non-successes are better accepted 
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Use can also be dependent on the agency’s ability to keep control of a project during 
the threat of public adversity 

a Provide training to team members In Human Factors, AASHTO Greenbook and 
Roadside Design Guide, Manual of Uniform Traffic Control Devices, Accident 
Reconstruction, lntellrgent Transportation Systems, and Access Management An 
agency may not have all of the recommended expertise, therefore, training may be a 
need Training may also keep an agency from having to acquire an expert from outside 
As Team members change, so WIII the needs to provide training Thus IS extremely 
Important so the Team IS as productrve as possible In time, expertise will build 

P Major reconstruction projects should Include additional expertise, such as FHWA, 
other Agencies, other DrstnctsIBureaus, etc New construction projects generally have 
less constraints and more funding which is often a rare opportunity to make 
extraordinary improvements that may provide a safe and efficient roadway for years to 
come Expertise from outside the District can provide input of features and items that 
have and have not functioned safely in other areas and regions 

o When beginning the Audit, the Coordinator must be prepared so the team remains 
Informed, aggressive, cooperatrve, and enthusrastlc The Project Manager should be at 
the rnrtral review to provide the background Information, especrally In the early phases 
when plans may not yet be available However, he/she should remain removed from 
discussions Video taping the entire field review can ensure that all comments are 
captured and can allow the note-taker to actively participate In brainstorming This 
requires work after the field reviews to decipher tape/notes, but ensures accuracy and IS 
convenient when the team needs to revrsrt an issue 

o Local residents and others outside the agency should be soIlcIted to help determine 
the needs of all road users and stakeholders 

o Be selective in the projects that will be audited and the number of audits performed 
throughout the projects’ development Development of a project may routinely include 
consrderatrons in an Audit and, therefore, effort may be better spent toward another 
project Also, some projects may not greatly benefit from multiple Audits throughout 
project development Cost effectiveness must be balanced with the existing efforts, the 
risk, and the complexity of the design Experience with the Road Safety Audit Process 
will help In selecting suitable projects and project phases more conducrve to the audit 
process with less repetition of that in the agency’s routine project development 

o Select projects that have the capability and flexrbrlrty to change Do not set the Team 
up for failure1 And START EARLY so you w change! 

o The Road Safety Audit should be a totally separate process from the normal and 
routine safety review Both processes have their specific purpose and need District 10 
did not even have the safety review committee chairman on the Road Safety Audit Pilot 
Team to determine If a successful safety audit could be conducted without the biases 
that the chairman may bring from working with the design team previously The Road 
Safety Audit Process IS to be independent In addition, knowledge of crash data IS 
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Irrelevant to the audit--the team IS looking for crash potential Hopefully, and very 
importantly, crash history IS addressed by the safety engineer working cooperatively 
with the design team 

o Attempt to provide your agency with confidentiality Although Pennsylvanla IS no 
longer protected by Sovereign Immunity, It IS protected by a Statute that deems “safety 
studies” as “non-admrsslble” In Torts and may keep from having to release audit reports 
This IS a security blanket, however, It may not be practical nor an option for some 
Agencies The concern of Llabrlrty IS valid, but the benefits that can be realized will 
outweigh the risks If care IS taken when documenting the results of the audit 

o A formal report Identifying the Issues raised in the audit should be prepared The 
report should be prepared with care and provide the formal documentatron on which 
decrsrons about correctrve action will be based 

o Cite concerns not recommendations. This IS one of the most Important Issues 
learned in the Pilot Recommendations and solutrons may be too restnctrve for the 
Design Team and could be the biggest cause for tort lrabllrty concerns If the 
recommendation cannot be incorporated Reports must be carefully thought out and 
worded in such a way so “smoking guns” are not created by citing specific concerns that 
are not Incorporated that may be construed as the agency being negligent In a future 
tort even If there IS very good reasoning for not Incorporating Not wanting to create a 
potential llabllrty concern was a major focus for all Team Members Some concerns 
were stifled because of this Therefore, by carefully preparing and wording the reports, 
Team Members will see that they are not creating a tort llabrllty and their ideas will not 
be stifled 

o A follow-up meeting with the Project Manager should be held to clarify results, sell 
the concerns, discuss possible solutions, and discuss needed actions This also allows 
an opportunrty to advise the Project Manager of details that the Team may have not 
Included In the formal report 

q The report needs to be timely so the short windows of opportunity are not missed 
and InformatIon IS not forgotten 

o Set an acceptable protocol for resolvrng conflrcts within the Team and with the 
Project Manager The normally accepted approach IS that all members of the Team 
must agree with a cited concern Buy-in and an understanding of the Road Safety Audit 
Process helped make conflict resolution among Team Members a minor issue To be 
successful, The Road Safety Audit Team, the Design Teams, the Programming 
Engineers, and everyone involved in the project development process must understand 
the Audit Process and know what to do when a conflict occurs Having a set and 
accepted procedure prior to implementing the Pilot demonstrated to all parties that not 
everything would be completely satisfactory to everyone Examples may include the 
folowrng 1) The team must reach consensus and the Coordinator must avoid hidden 
agendas so concerns cannot be labeled as self-serving, 2) The Project Manager and 
the Coordinator must mutually resolve the conflict, 3) The district’s Program 
Management Committee (or srmllar committee) will make final determlnatlons If cost 
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and delay may be issues, and 4) The team must accept final decisions Not all concerns 
may be well accepted It helps If everyone knows what to do If Issues cannot be settled 
so procrastination or avoidance does not cause an issue to remain unaddressed This 
concern IS mrnrmrzed with buy-in 

o Consider using technology to gather data, to record documentatron, and to solve 
concerns Try to ease the burdensome facets of the Road Safety Audit Process, like 
note taking, measurements, report writing, etc to allow the Process to be less 
cumbersome and even fun Vrdeotaprng was extremely helpful for the Coordinator in 
capturing all discussion It was also used to revrslt certain locations Laser Measuring 
devices can quickly and easily measure speeds, grades, and distances that could 
determine, at a touch of a button, If there IS a specific concern pertaining to roadway or 
operation of the roadway A laptop computer can speed up note taking and especially 
report writing It IS Important that the Team remains knowledgeable of the state-of-the- 
art technology that can be easily incorporated into projects to enhance safety Examples 
include lntellrgent Transportatron System devices (Dynamic message boards for 
information and closed loop signal systems for congestion) and Signal Advancements 
(emergency vehicle preemption for EMS vehicles and queue detectors for congestron) 

o If an agency has multrple drstncts and chooses to pilot the process In a small 
jurisdiction prior to wider rmplementatlon, constant communlcatron among all to be 
involved needs to occur to reduce the common fears and possrble mrsconceptlons that 
can result In being uninformed This will help with assist with the buy-in process 

FUTURE PLANS 
PennDOT’s Road Safety Audit Process Pilot IS complete However, the Pilot IS now 

under close evaluation and PennDOT will soon Incorporate the process in some form 
throughout Pennsylvania An ending meeting was conducted on December 21, 1998 to 
discuss issues pertaining to the feasrbrlrty of statewide rncorporatron The checklrsts will 
rmmedrately be given to all Project Managers in every Engineering District and a Road 
Safety Audit Team, or Teams, will be formed to conduct a llmrted number of audits 
Each Engineering District will utilize their strengths to capture the key elements of the 
Road Safety Audit Process to the best of their ability given the llmlted available 
resources Consultant Engineering firms may be considered on a district by district 
basis after each District has the exposure to the process and determines its potential 
With experience, the number of audits conducted will, hopefully, increase 

Drstnct 10 will be trying new methods and practices to become more familiar and 
proficient with the process and to determine methods that can further integrate safety 
into roadway construction projects District 10 hopes to incorporate an audit from a team 
of experts outside of the district, but within PennDOT, to determine If a totally unfamiliar 
view would be beneficial or preferred Police officers will also be used as resources to 
determine If their knowledge of the roadways’ operatronal experience IS helpful in 
conducting Audits Addrtronally, portrons of the FHWA’s Older Driver Handbook will be 
incorporated into the checklists, nrghttrme reviews will be considered, and methods to 
determine the best feasible methods In obtarnrng the needs of all road users WIII be 
sought 
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SU MARY 
Although PennDOT’s normal project development inherently Incorporates safety Into 

designs through various procedures, the Road Safety Audit Pilot created awareness 
and appreciation for the Road Safety Audit Process as a useful tool to maxlmlze the 
safety potential of roadway construction projects through prudent use of the followlng 
+ lnterdrscrplrnary experience to brainstorm possible problems, 
+ Human factors and multi-modal considerations to ensure a safe roadway for all road 

users, 
+ Checklists to surface safety concerns, 
+ Field reviews focused purely on safety to maxlmrze opportunities and mlnlmrze 

missed opportunities to Improve projects’ safety potential, 
+ Learning from the experiences, both successes and non-successes, and 
+ Providing a quality project by preventing some common occurrences 

Does the Road Safetv Audit Process add value? 
It should be no surprise that any detailed review, especially one focused purely on 

safety, will most likely identify safety concerns, which If corrected, will add value The 
Road Safety Audit Team found potential problems associated with several types of 
projects in various stages of development Efforts were made to not have the audit be 
influenced by the activities of the Safety Review Committee In their performance of 
safety reviews The Safety Review Committee primarily addresses adherence to 
standards The Road Safety Audit Team performed a different function, one that can 
Identify issues that would not have been discovered as part of the Safety Review 
whereby adding safety value It can ensure a quality product by preventing occurrences 
that may adversely affect safety and be costly to repair It can also maximize 
opportunities to enhance safety and mlnlmlze missed opportunities to enhance safety 

With this added value, however, there IS some addltlonal risk involved as well Does 
using the Road Safety Audit take the control of the project out of the hands of the 
Project Manager and put it into the hands of the Audit Team7 Are there time problems 
associated with scheduling another series of meetings? What are the rmplrcatlons If 
certain concerns raised by the Audit Team are not addressed? These obstacles must 
be addressed through buy-in, the strengths of the rndlvidual agency, and awareness 

Can the Road Safetv Audit Process be implemented within existina resources? 
It IS estimated that the average cost of an Audit In the pilot process IS $2,000 to 

$5,000 This cost IS based on an internal review Team and Includes only salary and 
equipment costs This cost IS comparable with estimates produced rn the United 
Kingdom and Australia and IS very little for the amount of success achieved Audits 
conducted by an external Team, such as a consultant or another agency, were not 
used Not all projects required the same level of effort to conduct the audit and not all 
projects were good candidates for audits Improvements have added costs to the 
project development, however, this IS not considered as a cost of the audit This IS a 
factor that must be considered on a project-by-project basis 
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Will the Road Safety Audit process delay project delivery? 
The Road Safety Audit Process can delay the overall proJect development The 

amount of delay IS dependent on the type of proJect and the stage of the audit For 
simple designs that are audited early in the development of the design, the delays are 
mrnlmal and will not adversely affect proJect delivery For complicated proJects audited 
after the envlronmental approval or In later stages, the delays could be long and may 
Jeopardize the letting of the proJect An agency must balance the benefits derived from 
the audits with proJect commitments on an indrvrdual basis If an agency would 
determine that the audit would control proJect development, there will be delays in 
delivery However, it IS most probable and prudent when considering all factors, that the 
agency wrll use the audit as a tool, act responsrbly on a prOJeCt-by-prOJeCt basis, but will 
not consrderably delay a proJect 

Report prepared by: Timothy R. Pieples, P.E. 
Associate Member of ITE 

Dlstnct Traffic Engineer 
PA Department of Transpottatlon 
Engineering Drstnct 10 
Box 429 Indiana, PA 15701 
Phone (724) 357-2845 
Fax (724) 357-1904 

Last Updated on 2121199 
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Road Safety Audk A New 
Too for Acc’dent Prevention 
BY ITE TECHNICAL COUNCIL COMMlnEE 4S7 

D urmg the past five years or so, van- 
ous countries have adopted the 

practice of audltlng new or exlstlng 
roads for the specific purpose of accl- 
dent prevention This practice is known 
as road safety audit In 1994 In 
response to Federal Highway 
Admlnlstratlon (FHWA) Highway 
Safety Program GuIdelines, the 
Institute of Transportation Engmeers 
proposed that American “agencies 
should introduce the concept of road 
safety audit into their systems “t 

The Institute established an mtema- 
tlonal commlttee (ITE TechnIcal 
Council Commlttee 4S-7 Road Safety 
Audits) with Kenneth W Ogden as 
chair to prepare an mformatlonal 
report on this sublect This article sum- 
marlzes the completed report 2 

National Road Safety 
Strategies and Targets 

In recent years, a number of coun- 
tries (for example, United Kingdom,” 
Austraha,” The Netherlands5 and New 
Zealand6) have developed natlonal 
road safety strategies almed at achlev- 
mg significant reductions m road trau- 
ma and its costs 

Each of these national strategies 
places conslderable emphasis on road 
and traffic engineering measures as 
ways of achlevmg the natlonal targets 
In the Umted Kmgdom for example, at 
least one-third of the target reduction 
was to be sought from these measures 

These road and traffic engineering 

measures Include programs of crash 
reduction (that is, the development of 
remedial measures to apply at sites 
with a high crash frequency) and crash 
preventlon (ensunng that the design of 
new roads IS as safe as practicable. and 
that proactive remedial treatments are 
applied to exlstmg roads) 

This latter emphasis on crash pre- 
vention IS a direct response to pohtlcal 
pressures to reduce road crashes and 
their economic and social costs, as 
reflected in the development of 
national road safety strategies and tar- 
gets One of the key processes 
involved in crash preventlon programs 
IS what has become known as road 
safety audit 

Road Safety Audit 
Road safety audit has been defined 

as a formal examination of an exlstmg 
or future road or traffic project, or any 
project that interacts with road users, m 
which an Independent, qualified exam- 
mer looks at the prolect’s accident 
potential and safety performance 7 

The obJectives of road safety audit 
are to ldentlfy potential safety prob- 
lems for road users and others affected 
by a road project. and to ensure that 
measures to eliminate or reduce the 
problems are considered Safety audit 
arms to 
n Mlmmlze the risk and severity of 
road crashes that may be affected by 
the road prolect at the site or on the 
nearby network 

n Mlnlmlze the need for remedla! 
works after construction 
n Reduce the whole-of-life costs of the 
project 
n Improve the awareness of safe 
design practices by everyone involved 
m the planning, design, constructlon 
and maintenance of roads 

Road safety audit can work m two 
ways by removing preventable accl- 
dent-producmg elements (such as map- 
proprlate mtersectlon layouts) at the 
planning or design stages, or by mltlgat- 
mg the effects of remaining or existing 
problems by the mcluslon of suitable 
crash-reducing features (such as antl- 
skid surfacmg. guard fencing, traffic 
control devices and dehneatlon) 9 

International Review 
It 1s useful to brlefly chart the emer- 

gence of the road safety audit concept 
as a discrete element of a road safety 
program, and to consider Its mtroduc- 
tlon in several countnes 

United Kingdom 
The concept emerged orlgmally m 

the United Kmgdom m the 1980s In 
1987, the Department of Transport 
developed strateges amed at reducing 
road casualties by one-third by the year 
2000 The followmg year, leglslatlon 
was passed that remforced the reqmre- 
ment that road authorltles m mamland 
Bntam take steps to reduce the possl- 
blhty of crashes on new roads This 
requirement led to the preparation of 
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two key pubhcatlons Road Safety Code 
of Good Pracacelo and Guldehnes for 
the Safety Audit of HIghways s Road 
safety audit was made mandatory from 
April 1991 for all national “trunk” 
roads and motorways (freeways) m the 
United Kingdom. 

AUStraliP 
In Australia, Austroads (the natlon- 

al assoclatlon of road and traffic agen- 
aes) has established a working party to 
develop road safety audit guldehnes to 
provide a national focus for this work 11 
State road authonties have progressed 
road safety audit at different rates In 
New South Wales, 20 construction pro- 
jects are audited within each of the 
road authonty’s regions, 20 percent of 
the existing road system IS to be audit- 
ed each year to identify the defiaencles 
of the exlstmg road and identify pnon- 
ties for action In the State of Vwtona. 
a safety audit 1s conducted for all major 
prolects, for 20 percent of other con- 
structlon prolects. and for 10 percent of 
maintenance works 

New Zealand 
In New Zealand, the national roads 

and public transport agency (Transit 
New Zealand) has embraced road safe- 
ty audit and began conducting pilot 
safety audit prolects (which had a sub- 
stantial training component) in 1992 
From 1993, safety audit was mandatory 
for a 20 percent sample of state hrgh- 
way projects A pilot program for road 
safety audit at the local government 
level has commenced 

United States 
In the United States, road safety 

audit as a formahzed procedure has not 
been introduced 12 However, the 
Federal Highway Admlnlstratlon 
report “Management Approach to 
Highway Safety A Compllatlon of 
Good Practices” summarues the need 
for a comprehensive and coordmated 
approach to highway safety t3 
Although safety audit as such IS not 
mentloned, two of the key programs 
had strong undertones of this concept 
n A program for ldentlfymg, mvestl- 
gatmg, setting pnontles and correcting 
hazardous or potentially hazardous 
roadway sltuatlons 
8 A process to consider safety needs, 
goals and pnontles m the development 
and construction of all highway faclhtles 

The Intermodal Surface Transpor- 
tation Effiaency Act of 1991 (ISTEA) 
included elements related to road safe- 
ty, and the FHWAlFTA Docket No 
92114 published a proposed rule on 
safety management systems wrlthm the 
HIghway Safety Program Gurdelmes, 
statmg that “the highway safety man- 
agement system may be further defined 
as management processes to ensure 
that all opportumtles to improve safety 
are identified, considered, implemented 
where appropnate and evaluated “t4 

ITE responded to this proposed rule 
by subnuttmg among other things, that 
“Agenaes should introduce the concept 
of the safety audit mto then systems “1 

Application of Road 
Safety Audit 

Road safety audit may be carried 
out at any or all of several stages of a 
project These include the followmg 

Stage 1: Feasibility 
As an input to the feaslblhty stage of 

a scheme, a safety audit can influence 
the scope of a project. route choice. 
selection of design standard, Impact on 
the existing road network, route con& 
nutty, provision of interchanges or 
mtersectlons, access control, number of 
lanes, route terminals. stage develop- 
ment, and more 

Stage 2~ Layout 
or Preliminary Design 

This audit stage IS undertaken on 
completion of draft plans or a prehml- 
nary design Typical considerations 
include horizontal and vertical ahgn- 
ment, slghthnes, mtersectlon layouts, 
lane and shoulder width, pavement 
crossfall and superelevation. overtaking 
lanes, provIsIon for parked and statlon- 
ary vehicles. provlslon for cychsts and 
pedestnans, effects of departures from 
standards and gmdehnes, safety dunng 
construction, and so on After thls 
stage, as land acquisition becomes 
finalized, subsequent significant 
changes in road alignment become 
harder to achieve 

Stage 3: Detailed Design 
This audit stage occurs upon com- 

pletion of detaded design. but normal- 
ly before the preparation of contract 
documents Typical conslderatlons 
include line markmgs, signing, delm- 
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eatton. ltghttng, mtersectton detatls, 
clearances to roadside ObJeCtS, provt- 
ston for road user groups wth speaal 
requirements (for Instance, pedestn- 
ans, cyclists, people wtth daabthttes, 
trucks and buses), temporary traffic 
management and control dunng con- 
structton, drainage, poles and other 

Kenneth W. 
Ogden, Chair of 
ITE Technrcal 
Council Commrt- 
tee 4.57,~ head of 
the Monash 
Transport Group 

m the Department of Cwrl Engineering 
at Monash Untversrty in Melbourne, 
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M E degrees m cwll engrneerrng from 
the Unwersrty of Melbourne, and hu 
Ph. D in cwl engineering from Monash 
Unrverwy m Melbourne Ogden 1s a 
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and guard fencing 

Stage 4: Preopening 
Immedtately before the openmg of a 

scheme to traffic, the audtt would 
involve drtvtng, rtdtng and walktng 
through the prolect to check that the 
safety needs of all road users are ade- 
quate ‘Ihts should mvolve a night-ttme 
mspectton and, tf posstble. an tnspecuon 
tn both wet and dry condtttons It would 
canvas stmilar issues to those raised m 
Stages 2 and 3, but wtth a vtew to assess- 
mg theta adequacy as actually construct- 
ed, taking particular note of vanattons 
that mght have occurred from the plans 
tn the course of construction. 

Stage 5: In-service 

This stage tnvolves a systematic 
exammatton of secttons of the extstmg 
road network to assess the adequacy of 
the road, mtersecttons, road furniture, 
the roadside, and so on from an exphat 
safety vrewpomt Thrs can have two 

scheme after tt is opened to traffic (m 
the weeks and months followrng a 
Stage 4 audit), or a safety audtt of an 
existing road or road network wtth a 
view to tdenhfymg safety-related deli- 
ctenctes The audit of existing roads 
and road networks IS dtscussed later 

safety Audit Process 
While each road agency undertakmg 

a road safety audit may have us own 
audtt process, there are several key 
reqturements 1s 

Commitment 
Whether road safety audtt hves up to 

its potential depends largely upon the 
comnutment and endeavors of the orga- 
ntxatton and staff mvolved It IS vrtal that 
tt be seen as an Integral part of an 
agency’s overall program Othenvtse, tt 
runs the nsk of bemg perceived as ques- 
ttorung the competence and professton- 
ahsm of the desrgner or road budder 
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P- 
The road safety audit process must 

seek to take an overall view of safety 
The process aims to reduce the whole 
life cost of a scheme. Although there 
will be costs of the audtt process, these 
must be offset agamst the potenttal for 
savings elsewhere. The savtngs may be 
from timely alteration to plans (It IS 
much cheaper to change a detatl on a 
plan than to replace or remove a feature 
once mstalled), from subsequent crash 
preventton, and from reducttons m the 
costs resulttng from littgatton 
Experience m those Junsdtcttons where 
it has been introduced tndrcates that 
safety is now a more exphcrt factor m all 
levels of road dectston-makmg, rather 
than a minor or tmplrctt constderatton 
as prevtously may have been the case 

Organizntion 

There are a number of ways tn 
which the safety audit process may be 
camed out These include 
= Specrahst advtce and audit team 

m Spectalat advice and Independent 
project manager. 
m Spectahst advtce to the designer. 
H Second destgn team and mdepen- 
dent assessor. * 
= Second destgn team audttmg. 
w Own team auditing a 

An agency developmg a road safety 
audit process will need to determtne 
which of these procedures (or an alter- 
native) to follow, dependmg upon tts 
own “culture,” expertise and the role 
of safety auditing wtthm a wider mstt- 
tuttonal framework Whichever 
method IS adopted, the key factors are 
the same 
l The audtt team must rnclude spe- 
ctaltst knowledge of safety engmeer- 
ing. 
H The findings of the audtt should be 
documented and reported formally at 
each stage of the audtt process 
B The reasons for vanous elements of 
audit advice should be documented for- 
mally 
n The reasons for rejecttng any ele- 

ment of advice should be explained to 
the scheme designer. 
m Provtstons for arbttratton should be 
made. * 
l Independence of audit must be 
matntatned, and there should be an 
awareness of posstble httgatton If there 
are subsequent fatlures.te 

Checklist 

The actual tasks undertaken by a 
safety audit team WIII tn most cases 
involve the use of checkltsts or 
prompts These typically show the sorts 
of issues and problems that can anse at 
the relevant stage of the project. 
Examples are presented as tnserts In 
the IHT and Austroads gurdehnes for a 
wide range of apphcattons and prolect 
stages 8~1 A number of PC-based pro- 
grams containing checkhsts or prompts 
are now coming on the market, and 
these will help factlttate the audtt 
process 

Important to remember, however, 
IS that these checklrsts or prompts are 
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really only an aide memorre Their 
advantage IS that a formahxed check- 
tng procedure, using a checkhst or 
somethtng stmtlar, is less ltkely to 
overlook problems However, they 
cannot be a substitute for experttse, 
and tt IS imperative that those respon- 
sible for undertaking safety audits 
have adequate trammg and expenence 
in road safety engmeenng One of the 
matn benefits of checklists IS that 
designers use them to audit themselves 
before their work gets to the auditor, 
thus enhancing quality at an even ear- 
lier stage 

It IS also vital that the safety audit 
procedure mvolves a sue nstt, at what- 
ever stage tt IS concerned with, since 
there wtll mevrtably be factors present 
and rdenttflable at the sue that are not 
evident from the plans 

Training and Development 
of Expertise 

The stxe of the audit team WIII vary 
wtth the size and complexuy of the pro- 

ject to be audited In the Bnttsh expen- 
ence. a three-person team has been 
found to be suttable at the feastbthty 
and/or layout design stage The team 
comprises a road safety speaahst wtth 
experience tn crash mvesttgatton and 
expertise in safety engineering pnnci- 
ples and practice, a highway design 
engineer, and a person with expenence 
tn safety audit who IS able to generate 
drscusston and assist m the procedure 
At the detailed design stage, It may be 
necessary to supplement the above 
team wtth spectahsts m particular areas 
(such as traffic control and street hght- 
tng) depending on the nature of the 
scheme At the preopentng and In- 
service stages, the tncluston of the 
pohce and an engmeer who has (or wdl 
have) responstbtltty for the matnte- 
nance of the road and Its traffic control 
devrces IS important 16 

Monitoring and Evaluation 
A Jurisdiction tntroducing safety 

audit needs to set up a process of moru- 

tonng and evaluatmg the process. Tlus 
involves three aspects 

n Procedures, problems encountered, 
and the system’s effectiveness 
n Critical appraisal of the checklists 
and their use 
m Evaluatton of costs and resources by 
scheme type and stage’6 

Liability 
The Australian guidelines contain 

an entire chapter on this aspect. This 
WIII not be summartzed here, but its 
conclusion is relevant. 

No case mvolvmg road safety audit 
has yet come before a court Therefore 
the legal tmphcattons must be specula- 
tive, not certain But the predtcttons are 
not guesswork; they are based upon 
well established pnnctples of tort law 

Safety audits wtll create a safer road 
environment A malor aim of httgatton 
in this area of law IS to encourage safe- 
ty It follows that the use of road safety 
audtt WIII be encouraged by the legal 
system But the major focus of the law 
tn this area IS the end product-the 
state of the road Itself-and not the 
methods by which an authority 
achieves this 

Roads can be made safe by a vanety 
of methods-mcludmg black spot treat- 
ment, penodtc mspectton, the adoption 
of higher standards of engtneertng 
practice, greater allocation of funds and 
road safety audits It IS for highway 
authonttes to deade which mtx of these 
IS best for any gtven project, and as an 
overall policy 

It IS obvtous that the process of road 
safety audit can play a vital part tn 
achieving safer roads Highway authon- 
ties that fall to adopt the process run 
the nsk that avotdable defects on the 
road will not be dtscovered, and that 
the defects WIII cause accidents 
Highway authorities that fall to adopt 
safety audits or comparable processes 
run a higher wk that legal habthty wtll 
be tmposed.tt 

Audit of Existing Roads ’ 
The safety audtt of extstmg roads has 

not as yet been a major component of 
road safety audit programs in place, 
although the gtudehnes tn use tn various 
countnes often allow for its inclusion. 
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However, a formal program of road 
safety audit of existing roads can be an 
important component of the overall 
audit procedure (Stage 5 as mentioned 
above) For example, the Austroads 
guidelmes state that the aim of this 
audit stage IS ‘to identify any exlstmg 
safety deficiencies of design, layout, 
and street furniture which are not con- 
sistent wrth the road’s function There 
should be consistency of standards such 
that the road users perception of local 
conditions assists safe behavior “11 
These guidehnes suggest a different 
approach depending upon the length of 
road For short lengths (for instance. 
less than 30 km), a detailed mspectlon 
IS suggested, hlghhghtmg specific issues 
and making specific recommendations 
For longer lengths, a two-part mspec- 
tion IS suggested, with the first being a 
broad assessment of the route hlgh- 
lighting what maJor problems exist and 
where they are located Then only 
these locations are SubJect to the more 
detailed audit, as m the approach sug- 
gested for shorter lengths 

Effectiveness of Road 
Safety Audit 

Although it IS a relatively recent 
technique, evidence IS emerging that 
road safety audit IS a cost-effective safe- 
ty measure 

There IS evidence that In many 

cases, existing design and construction 
processes allow deficient or mappropn- 
ate elements of road projects to be 
implemented For example, many Juns- 
dictions will have had expenence with 
road safety problems that have ansen 
within a year or two of the opening of a 
new project These problems would 
have been identified If the project had 
been SUbJeCt to safety audit A formal 
requirement that a project be subjected 
to a safety audit will thus very likely 
lead to improved safety Expenence m 
the United Kingdom suggests that for 
individual schemes, one-third of accl- 
dents have the potential for removal by 
safety audit 11 

Resources that need to be devoted 
to safety audit are m fact quite small 
U K experience suggests that one safe- 
ty auditor IS required to cover an area 
expenencmg some 2,000 casualty crash- 
es a year (although more recent expen- 
ence suggests that this may be underes- 
timated by a factor of 2) * Australian 
and New Zealand experience suggests 
that safety audit adds about 4 percent 
to road design costs 

There have been some attempts to 
quantify the benefits of road safety 
audit One highway authority in 
Scotland has estimated that one-third 
of future crashes at road improvements 
are preventable by audit, and that a 
1 percent crash saving per year-worth 
about f 1 mllllon (approximately 

This report IS a summary of an Information Report of the Institute of 
Transportation Engmeers. The report was prepared by Technical Council 
Commtttee 4S-7. The information m tis report has been obtamed from expe- 
riences of transportation engineering professional and research ITE 
Informational Reports are prepared for mformahonal purposes only and do 
not include Institute recommendations on the best course of action or the pre- 
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Bookstore at ITE Headquarters (IR-076, $10/$15) 
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Members of the ITE Technical Council Department 4 Standing Comxmttee 
at the tune the report was approved were Kay Fitzpatrick, P.E (M) (Chm); 
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Wllham C. Kloos, P.E. (M); Edward J Seymour, P.E (A), David E Woosley. 
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US$l 5 nulhon)--ls possible across the 
region at a resource cost of f70,OOO 
(approximately US$lOO,OOO), a 
benefit cost ratio of 15.1.17. In New 
Zealand, a potential benefit cost ratio 
of 20 1 has been estimated for road 
safety audit procedures 7 

Conclusion 
Road safety audit IS an emerging 

procedure aimed at ensunng that road 
authontles “get It nght the first time ” 
It IS aimed at crash prevention rather 
than crash reduction Audits may be 
undertaken at any or all of five stages 
feasibility, layout design, detailed 
design, preopenmg or m-service An 
agency introducing a road safety audit 
process must have a commitment to the 
process, and ensure that formal proce- 
dures are established to ensure that the 
audit IS effective and influential Key 
factors are the independence of the 
person or team undertaking the audit, 
and the accountability of the person 
making decisions in light of the audit 
team’s report Concomitantly, the audl- 
tor or audit team must be competent 
and expenenced in road or traffic engl- 
neenng, and have had adequate tram- 
mg m road safety audit The educatlon- 
al effects of safety audit on road dengn- 
ers and managers WIII result In more 
safety-conscious planning and design 

It IS likely that a form of road safety 
audit WIII become more common 
worldwide as agencles seek to muumlze 
the whole-of-life cost of road prolects, 
and gain a measure of protection from 
the costs of htlgatlon Certainly in those 
Jurisdictions where it has been used, 
there IS enthusiasm for the process 
based upon a conviction that it IS a 
highly cost-effective road safety mea- 
sure. 
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SUMMARY 

Road Safety Audits (RSA) have been employed mostly on major projects m Canada smce first 
employed in early 1997. RSAs are being accepted across the country with minor changes to reflect 
legal and instructional concerns. 

For RSA to go beyond checklists for experts will require the introductron of risk. In this paper the 
authors outline a procedure to develop an analytical nsk equation. The nsk equation wrll allow 
highway designers to consider the human factors of driving, reliability of engineermg design and 
the consequences of failure. 

INTRODUCTION 

Road safety audits and reviews have been a formahzed analysts process for more than two decades 
These formal safety-focused analyses started durmg the early 1980’s in the UK (see, B. Sabey 
(1993), S. Proctor and M. Belcher (1993)), moved to Australia in the early 1990’s (P. Jordan and E 
Barton (1992)) and New Zealand (Chadfield (1998)), then on to many other countries. The process 
has been modified to reflect local requirements and has generally been thought to yield substannal 
benefits. 

The introduction to North America started in the mid 1990’s. The first formal audit in North 
America, following the Australian model, was in early 1997 of the Highway 1 HOV design m 
Vancouver, Canada, by Professor Navin and Hamrlton Associates. The U.S. Federal Highway 
Admimstration has had extensive trials running in Pennsylvania since 1997, after a study tour to 
Australia. The details of road safety audits in North America, like then prototypes in Australia and 
the UK, reflect the instructional needs of the local areas. 

FORCES FOR ROAD SAFETY AUDITS 

Road safety audits emerged in the U.K. as a local county council initiative as a result of poor 
highway design. The U.K. Department of Transportation required preliminary, detailed, and pre- 
opening safety audits starting in 1991. 

The need for safety audits in North America comes about for a number of reasons The first and 
most powerful is a successful prototype in Australia, New Zealand and the U.K. Canadian highway 
designs are frequently subjected to Value Engineering (VE) reviews. The Highway 407 Safety 
Revrew (1998) reported that VE is often a cost cutting exercise. The basic assumptron of VE is that 
if existing standards are met, safety is satisfied. Most knowledgeable engineers recogmze that 
compliance with highway design standards does not insure safety. 
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There is also an economic and social need to improve road safety. The cost of insurance continues 
to nse as the number of collisions and injuries rise almost 111 lock step with increased automobrle 
travel The total cost of collisions represents about one percent of the GNP of most natrons 

The current situation requires road safety audits to ensure that safety is adequately considered Thrs 
then lmphes that we either do not know enough about road safety to adequately represent rt m the 
design standards, or that it has a very small role to play when compared to the operatronal and 
construction costs. 

CANADIAN EXPERIENCE 

The Canadian road safety audit expenence commenced m British Columbia and started m 
1995/l 996, when the Insurance Corporation of Bntrsh Columbia (ICBC) commissioned fact-findmg 
studies to review the concept and the lessons learned in other Junsdictions Most of the audit 
experience has been supported by ICBC. 

First Audit and Lessons Learned 

The first road safety audit m Britrsh Columbia was conducted early in 1997, and this 1s beheved to 
be the first formal audrt undertaken m North Amenca The Mlmstry of Transportation and 
Hrghways and ICBC comrmssioned an audit at the 50% design stage of the Highway 1 HOV lanes 
project m suburban Vancouver The audit process proceeded smoothly, and the Mimstry responded 
to the audit recommendations as required by the formal audit process. The lessons learned from 
thrs first experience included. 

l the need for the audit team to provide a set of recommendations for consideration to address the 
safety issues that are raised by the audit, 

l the need for the audit to acknowledge that some design decrsrons are dictated by pohcles and 
standards that are beyond the control of the design team, and therefore the audit recommendations 
should address pohcy decisions when appropriate 

The majonty of Britrsh Columbia’s road safety audits have been for major highway, bridge, and 
interchange projects, with capital costs of up to $100 milhon. Several audits have also been 
conducted for smaller intersection upgrade projects. The audits undertaken to date are listed m 
Table 1 

Other Experience in Canada 

Ontario 

The pre-opening safety review of Highway 407, north of Toronto, was undertaken early in 1997. 
Whtle not formally an audit, this safety review received national media attention and helped 
desrgners and transportation engmeers focus on the importance of explicitly accounting for road 
safety at the design stage. 
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Table 1 - Typical Audit Recommendations 

PROJECT DESCRlPnON & AUDIT TYPE LOCATJOK 
Highway 407, Pre-Opentng ON 
Highway 1 HOV Lanes, 50% Design BC 
Fredencton - Moncton Htghway, Prelmnary Destgn NB 
Vancouver - kchmond Rapid Bus, Prelmmry Design BC 
Htnhwav 40 - _ 1 Wtdentng, Preltmtnaty Design 1 ON 
Hmhwav I/ 200 Street I/C. Detakl Desmt 1 BC 
Dogwood at Belam & Bayvtew, Conceptual Design 1 BC 
River Road at Nordel Way, Prelttmnary Design 1 BC 
Lions Gate Bndge Upgrade, Preltmtnaty Design 1 BC 
67 Street / 30 Avenue, Prelttmnary Design I AB 

The Ministry of Transportation of Ontario has adopted refined procedures to maintain the focus on 
road safety throughout the planning / design / policy setting cycle. Road safety “assessments”, as 
audits are called in Ontario, are part of the refined procedures. 

Road safety reviews and audits have been undertaken for several projects in Ontario since 1998, 
includmg the extension project for Highway 407 as part of a Design/Build proposal; a section of 
Highway 12 as part of the preliminary design; and a section of Highway 401 as part of a widexung 
project. Similar to British Columbia, audits are being applied generally to larger scope projects 
with multi-million dollar capital costs. 

Alberta 

Road safety audits were introduced to AIberta in 1998, and the first formal audit was undertaken for 
the widening of 67 Street and 30 Avenue in the City of Red Deer. In 1999, a road safety audit was 
prepared for an existing interchange in the City of Edmonton. The City of Calgary is currently 
considering the application of road safety audits for major interchange projects. 
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New Brunswick 

The new Fredencton-Moncton Highway has provided an opportunity for audits to be introduced to 
New Brunswck. In 1997 a safety audit was prepared for this major Design/Build facility as part of 
the proposal preparation stage, and road safety audits are bemg conducted during the detailed 
design stage. The University of New Brunswick is researching audits from the perspective of 
Atlantic Canadian conditions. 

Experience on Design/Build Projects 

In addition to the above, the value of road safety audits on Design/Build projects has been 
recognized, and this is an area where the Canadian experience is at the forefront of audit 
apphcations. Several major Design/Build projects commissioned by the British Columbia Mimstry 
of Transportation and Highways since 1998 have had a requirement for a road safety audit The 
Desqp/Build proponent teams, typically consisting of a partnership between contractors and 
engineers, are required to retain an mdependent road safety audit team to formally review the design 
at designated stages (typically at the prelimmary and detaled stages), and to prepare audit reports 
that the design team then responds to. Given the time and budget pressures typically imposed on 
Design/Build projects, safety audits are now seen as a critical component. The Design/Build 
projects range in value fi-om $2 million to $30 milhon. Alberta and Ontario are other provmces that 
are mtroducing safety audit requirements into Design/Build projects. 

Most Common Audit Recommendations 

Based on the Canadian road safety audit experience, the most common safety au&t 
recommendations as derived from selected projects have been summarized and compiled as shown 
m Table 1 

Table 1 indicates that the two issues most commonly addressed in audit recommendations are cross- 
sectional design elements and pedestrian/bicycle facilities. This finding indicates that wlule 
designers typically address vertical and horizontal alignment issues with a high level of in-built 
safety, issues related to lane width, shoulder width and super-elevation are more prone to safety 
concerns As well, issues related to crosswalks, sidewalks, cyclist paths, and non auto network 
contimuty are commonly introducing safety concerns as identified by audits. This finding is 
probably to be expected since accommodating pedestrians and cyclists is a relatively new 
phenomenon compared to traditional design practices on major highway facility projects. 

It is noted that Table 1 simply summarizes the audit recommendations under broad headings The 
recommendations may or may not have been adopted by the design team. 

Road Safety Audit, Beyond Checklists 

The key objective of Road Safety audits is to reduce the inherent risk of travel prior to the public 
opemng of the road. The lack of road safety or danger may be defined as the risk of travel. The nsk 
equation is simply: 

Risk = Exposure * Probability of the event * Consequence of the event 
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A nsk approach to road safety audit has been proposed by Waught (1998) and Chadfield (1998) 
Chadfield (1998) quotes from Transfund New Zealand Safety Au&t Procedures to explam the 
rankmg of recommendations based on risk, as given m the “outcome table” of Table 2. The 
probabihty measure is the total colhsions per year. This combines exposure and the probability of a 
crash The procedure allows recommendations to be ranked by their urgency. 

Table 2 - Risk Level for Road Safety Issues 

Seventy of Crash 

Fatal 
serious 
Minor 

Frequent 
one+/year 

Urgent 
High risk 

Medium risk 

Probabihty 
Occasional 

once/l -5 years 
High risk 

Medium risk 

Improbable 

M&urn nsk 
- 

Low risk 

The road safety audit procedures of Western Australia include a nomograph solution to the nsk 
equation to develop a risk rating. The nomograph is shown in Figure 1. Figure 1 is more useful to 
the safety analysts than Table 2 smce it explicitly allows exposure to be factored into the nsk rating 

Both these approaches show that road safety audits should go beyond the current preoccupation 
with checklists for experts The ability to go beyond simply identifying problems assumes a more 
precise understandmg and/or an ability to study Corn a sound theoretical base of understanding 

Probability 

Aln-ost r Cdan 

Figure 1 - Risk Score Calculator 
Source: National Safety Council of Australia Ltd. 

lie Line 

Unueual 
- tn.& Poseble 

L 

Infrequent 

Oocaamnal 

Frequent 

Cmtinuous 

_ Practically 
lrrposeible 

The Expert and Beyond 

The ideal safety auditor has the characteristics of a team of people. The safety auditor should have 
experience at road design and operations, be competent in accident reconstruction, and also 
understand the travelling needs and habits of all road users. Expertise requires considerable time to 
develop and an adequate scope to practice. In any given area of endeavor, there are only a hmited 
number of experts. 

Figure 2 is a simplified diagram of the critical elements that go into a road safety au&t A new 
design or existing road needs to be audited by an expert. The role of the expert is to forecast risk 
and to make recommendations to reduce risk. 
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Figure 2 - Road Safety Audits, A Scheme to go Forward 

DESIGN AND 
- &JILD ROADS 

BASED ON RISK 
TO ROAD USER 

PAllERNS FOR 

RISK 

DESIGN FOR 
RISK 

MINIMliATlON 

1 C+lECK LLSTS 
2 BLUNDERS 
3 OVERLOOKED 

The next step needed to extend the usefulness of road safety audits is to develop isolated analyttcal 
safety models. This work is and has been actively pursued by the research community for the last 
twenty years or more The role of this research is to rdenttfy patterns of reported or observed risk so 
they may be forecasted at similar locations. Researchers such as Hauer et al (1988), and Sayed et al 
(1998) have developed extensive and elaborate regression models of varying levels of detarl to 
forecast colhsrons These models are aggregate unit risk models that forecast the combmed results 
of the probability of a colhsron and the consequences. A deficmncy of the models is that they do 
not permit the road desrgner to trade off the probabihty of a crash and the consequences of a crash 
The success of regression models is determined in part by the quality of the accident data. The data 
is usually obtamed from the police accident form, or specialized accident reconstruction teams 

The final step in the development of road safety audits is to derive Road Safety Analytical Models 
from first prmciples. This work was started by researchers such as Solomon (1964) and Nilsson 
(1993) and is being further developed by Navin (1999) and others. The key ingredients m this 
research are a broad road safety knowledge, adequate mathematical skill and access to detarled and 
accurate data. The role of this work is to develop models that help the engineer to design roads that 
mmimize the traveler’s nsk. These analytical road safety models should reduce the need for road 
safety audits 

Proactive Road Safety Design 

The purpose of proactive road safety design or safety conscious design is to explicitly e&mate risk 
Not only should the total risk be estimated but also the components of risk. The followmg 
discussion will outline models for the driver, the road, the vehicle and consequences 

Drivers are given road guidance advice by a set of trafIic signs that are sequenced using Positive 
Guidance The positrve guidance principle is if it is impossible to build what drivers expect then tt 
is necessary to tell the driver what to expect. This simply says you should have “self explaming” 
roads but, if for some reason you cannot, then you may use Bayes’ Rule to estimate driver 
expectations. Bayes’ Rule for a driver may be formulated as: 
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where, P(BokIA) = The probability that a dnver expects a good road ahead given wammg advice A 
P(AIBoR) = The driver’s probability that warning A will be present on a good road (GR) 
P@Gd = The driver’s prior (expectation) probability that the road is a good road (GR) 
P(A) = The total probability of the warning sign by road type 

This equation simply states a driver’s behef that a road 1s “good” in spite of a warnmg sign A. Thrs 
relatronship may be thought of as the “truth in srgmng” rule. For example, rf the driver does not 
beheve that you, as the design engineer, would place a dangerous curve on a good highway, even 
though you put up a waming sign A, you are not believed so P(ApoR) will be small and you will 
have httle intluence on the driver. 

An analytrcal approach such as this needs to be developed for traffic signs so engmeers may 
estimate a sign’s influence before it is installed The current system of manuals requires no 
calculatron and this in turn does not permit analysis and gives no estimate of a sign’s effectiveness 
The sign control manuals assume drivers have perfect understandmg of an obscure coding system 
that is only fully appreciated by a few human factors experts 

Road safety developed during desrgn may be studied by rehability analysis This approach has been 
successfully applied to engmeermg The design engineer need only define a farlure mechamsm 
such as stopping sight distance. The expected demand function for stopping sight drstance can then 
be developed for specific conditions. The supply functron of the engmeering charactenstrc comes 
from design standards or analytical models Given the demand and supply function, there then 
exists a general performance function, G such that. 

G = g(S-D)>O 

where, G = a general function of performance, 
S = the supply function of an engineering measure, and 
D = the demand function of an engineering measure. 

If the demand is greater than supply of the engineering measure, the system does not comply with 
design standards and, by definition, has failed. There are a few safety related measures derived 
from the general equatrons, specifically, 

Margin of Safety = E(S) - WI 

Reliabrhty Index = p = E(S)- E(D) 
I 

[k(S) + k(D)]: 

where, E(S) = the expected value of the supply characteristic 
E(D) = the expected value of the demand characteristic 
Var(S) = the variance of the supply characteristic 
Var(D) = the variance of the demand charactenstic 
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Given the reliability index, then the probability that D>S may be estimated as a 1 :x chance of 
oauxnce, or the P@>S). For example, a truck breaking for an emergency (locked wheels) has a 
1 :lO chance of exceeding the minimum AASHTO stopping sight distance on a wet pavement (see 
Navin (1992)) 

The P@>S) is a necessary but not sufficient cond$on for a collision. The total probability of a 
crash may be estimated as: 

P(crash) = P(crash 1 DEM) P@E&EM) 

where, P(crash) = probability of a crash 
P(crash 1 Da) = probability of a crash given me design measure, DE]H 
P(l&+S& = probability that demanded en t neering measure Dm, exceeds supply SW. 

These relationships may be replaced by equations ddrivecl either from observations, first principles 
or both. 

The simplest relationship between a vehicle, road driver is the fiction circle or fiction ellipse. 
The relationship simply illustrates the best possi traction between the vehicle’s tires and the 
pavement for acceleration, turning and braking or mbinations. These characteristics are usually 
incorporated in the mathematical relationships p ented for the reliability of the engineering 
element of the road. 

The consequences of a crash have been well documented by Ashton (1982), Nrlsson (1993) and 
others. In equation form the results are: 

c = aV”, 

where, c = consequences 
V, = speed change during collision 
a = calibration constant 
n = exponent, 4 for fatalities, 3 serious injury, $ for PDO 

Final Risk Equation 

All the previous results may be combined to giv# a risk equation that will permit detailed 
engineering analysis. The equation is: 

R = E[ P@GR I A) P(crash 1 DEM) P&&t&% 

The relationship that will eventually evolve will be It will require considerable research 
and testing to become operational. Once the equatio is made operational then the road designer 
will complete many of the road safety auditor’s tas The auditor will take on a more difficult 
level review of road safety issues possibly within the alue engineering process as well as the pre- 
opening audits. 

CONCLUSION 

The long run improvements require a theoretical app ach that is based on risk mimmization. To 
do this requires a more fundamental understanding o mechanics underlying the risk equation. 
There are suggested analytical approaches combining ayes’ Rule to estimate driver expectations, 
reliabihty analysis to study the demand and engineering measures, and equauons to 
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estimate consequences. One of the more difficult areas of research will be that of dealing with the 
driver. Currently, human factors is an ill-defined discipline populated by a few experts who are 
unable to make the area analytical in a mathematical sense. 

There will be increased mathematical complexity to use this new approach. The increased 
complexity is needed to allow designers to estimate the risk associated with their design. The 
ability to estimate risk and understand the mechanics behind risk, will allow highway destgn 
engineers to respond with more authority to challenges based only on “common sense”. Ultimately 
such theory will be a practical tool to help achieve a safer road in design. 
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ROAD SAFETY IN EUROPE, SEPTE BER 21-23 1998 

DESIGNING WITH SAFETY IN IND 

By Steve Proctor and Martin Belcher, Dtrectors, TMS Consultancy 
and Steve Lawson and Bert Moms, Automcbtle Asscctatton 

1. ABSTRACT SU MARY 

The work described In thus paper was commtssloned by the Automobile Assoaabon 
(AA) to promote action anslng from some of the AA Foundatron for Road Safety 
Research studies As part of the work, the AA and TMS Consultancy gathered 
together a panel of expenenced Road Safety Audrtors and asked them to provide a 
list of their “top 20” commonly ldenttfied Safety Audit problems 

There was surpnsrngly close agreement between the auditors, wrth many problems 
being rdentrfied on a number of occasions 

The output from the exerase WIII be a booklet. due to be published later this year 

2. BACKGROUND 

Trunk road and motorway schemes are designed to guidance set out n a senes of 
Advice Notes and Standards produced by the Highways Agency, The Swtbsh Office, 
the Welsh office and the Department of the Envtronment In Northern Ireland One of 
the pnnapal objectives of the guidance IS to ensure that new and improved roads 
operate safely Highway Authontres for other road schemes (local authontres) 
generally design major roads to the same pnnaples but wll often have their own 
design guides for resldenbal and lndustnal estate roads 

Road Safety Audits are camed out to mlnrmlse acadent occurrence once schemes 
have opened The Road Safety Audrt process has been compulsory on trunk road 
and motorway schemes since 1991(‘2), and most local authontres now use a similar 
process on schemes on looal roads (3) Road Safety Audit Involves checking schemes 
at a number of formal stages dunng the design process 

Despite the use of current design standards, acadents do occur on some schemes 
when completed On focal roads rt IS not always possible to keep to design gudance, 
whilst at the same ttme construcbng schemes wtthln highway land and wtthm budget 

One of the benefits of Road Safety Audit IS that the auditor can suggest measures 
that mttigate against the constraints imposed upon the design In addttton, the Road 
Safety Audit process is intended to tdentify potentral accident problems that anse 
through a ccrnbtnatton of design elements For example, where a steep downward 
descent, a band, and a change In camageway type occur at the same point. Road 
Safety Auditors are also expected to identify design errors that could lead to 
accidents and to use their expenence to suggest road safety engineenng treatments 
mthm the design process 

3. ROAD ACCIDENTS INVOLVING DIFFERENT ROAD USERS 

The Road Safety Auditor uses road safety expenence to ldenttfy those aspects of 
schemes that are likely to cause injury acctdents Knowledge of how acadents are 
caused, national and local acadent trends, and the effectiveness of acudent 
remedial treatments are essential qualities of Road Safety Audit experience This 

Designmg w~nth SIfety m Mmd, Road SIfety m Europe Coofermce, September 1998, page 1 
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sectton of the paper pfwides a background to the scale of acadent proMems for 
various road users 

In 1996, a total of 320,302 people were reported killed or Injured In 235,939 road 
traflic acudents In Great Bntarn (‘) The charts show the dtfference In the road user . 
casualty profile between urban and rural roads 

3.1 Pedestrians 

In 1996, a total of 46,361 pedestrians were killed or injured In road acudents - 15% 
of all accrdent casualbes Forty per cent of these were chrldren under the age of 16 
Most pedestnans - 96% of the total - were injured on bulk-up roads When acadent 
nsk IS measured In terms of acctdents per distance travelled, pedestrians are shown 
to be extremely vulnerable 

3.2 People with disabilities 

The office of Population Censuses and Surveys has estrmated that 14% of the 
Bntrsh adult populabon has some form of physrcal, sensory or mental handicap”) 
Around 10% of the adult population have some form of mobrlrty handicap People 
wtth drsabrlrtres can sometimes be dnvers or cydrsts, but most often they will be 
pedestrians some of whom mll be In wheelchairs lnformatron on drsabrllty IS not 
routinely recorded In poke acadent records and It IS therefore dtfficult to estimate 
the scale of this problem However, a Transport Research Laboratory report 
produced In 1995 revealed that 29% of people wtth a vtsual Impairment reported that 
they had been involved In an acudent whilst crossing a road@) 

3.3 Cyclists 

In 1996, a total of 24,534 pedal cydrsts were killed or injured In road acudents - 6% 
of all acadent casualties One third of these were a child under the age of 16 Most 
pedal cydrsts - 91% of the total - were Injured on built-up roads Studies have shown 
that cyde casualties are more Bkety to be under-reported than lnjunes lnvolvlng other 
road users Cychsts are parbcularly vulnerable at roundabout juncbons Like 
pedestnans, cyclist casualbes are high In terms of acadents per distance travelled 

3.4 otor cyclists 

In 1996, a total of 23.044 motor cydlsts and pIllIon passengers were killed or Injured 
In road acadents - 7Or6 of all acadent casualtres This f@ure includes moped and 
motor scooter nders and passengers Three quarters of the casualties were Injured 
on built-up roads 

Dcsqnmg with Safety m Mud, Road slfet) KI Europe Conference. Scptcrnbcr 1598, page 2 
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3.5 Vehicle rs 

Gther vehicle users comprise car dnvers and passengers, bus occupants, and goods 
vehicle dnvers and passengers In 1996, 205,277 car occupants, 8,531 bus 
occupants, and 10,458 goods vehrde occupants were krlled or injured In road 
acadents 

In 1996, just over 60% of all reported injury acadents n Great Bntaln took place at 
junctrons Just over 12% of these juncQon acctdents were at roundabouts 

3.6 Location specific “control data” 

Safety Auditors are expected to have a thorough knowledge of the type of problems 
likely to be assoaated wtth schemes, and the type of solubons that will prevent 
acadents from occumng Ideally rt should be possible to accurately predict the 
accadent frequency likely to occur wtth any proposed hghway scheme However the 
random dtstnbubon of acadents makes pred~cbng numbers extremely drfficult No 
two schemes are Identrcal In terms of land use, engrneenng detail, traffic flow and 
mrx, and this makes tt drfficult to use an acadent frequency at an exrsbng scheme as 
a predictor for a new scheme 

It IS possible to use control data to generate rnformatron on the type of accidents 
likely to be assoaated with certain elements of design Roundabouts have been 
shown to be very poor In terms of acadents Involving two-wheeled vehicles, traffic 
signals have a high proportion of nght turning acadents, and loss of control acctdents 
occur on the outside of high speed bends 

Safety Auditors should also use lnfonnatron from before and after studres help 
determine which solutions mll be most appropnate to the problems that they have 
ldenbfied For example, anb-skid road surface treatments have been shown to 
reduce acadents by just over 50% 

4. THE MOST COMMONLY IDENTIFIED DESIGN PROBLEMS 

In order to highlight some of the problems most commonly ldentrfied wtthln Road 
Safety Audit, the AA and TMS Consultancy brought together a group of seven 
expenenced Road Safety Audttors The Audrtors represented both the pnvate and 
public sector, and were drawn from organrsatrons In England, Scotland and Wales 
Between them, they had expenence of several thousand Safety Audits, on a wide 
range of urban and rural schemes The Audrtors were tasked to identrfy a range of 
typical Road Safety Audit Issues relating to dfierent road users 

TMS Consultancy, based on their expenence of carrying out over 500 Safety Audtts, 
initially produced a list of 52 common problems This list was dIscussed with the 
mder group of Audttors, and each member of the group then Independently ldentied 
their own “top 20” problems from the ongmal list The mdlvldual lists were drawn 
together to form the composite “common problems” list shown in Table 1 

Deslgnmg tnth Safety m Mmd. Road Safety m Europe Conference, September 1998. page 3 
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(The score indicates the degree of consensus between the seven Safety Auditors on 
each of the issues ) 

The most common problem identified relates to roundabout design and the lack of 
entry deflec&on, wtvch leads to high entry speeds and possible loss of aMrOl 

Dcagnmg wttb Safety III Mud, Road Safety III Europe Confcrenoc, %p&r 1998, page 4 
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acadent!& or entty/cimulabng e&dents f%dal cycksts and motorcycksts are 
particularly vulnerable at roundabouts and are over-represented n the acadent 
stattsbcs 

Other common design problems include a lack of conbnuity In prowsion for cycbsts, 
poorly sited pedestrian cmssmngs, and inadequate or inappropriate design of features 
for road users wrth mobWy handicaps 

5. SAFETY AUDIT PROBLEMS FROM A ROAD USER PRESPECTIVE 

Road Safety Audit involves a number of detailed checking processes In addtion to 
the interactron between design elements, one of the other Important checks camed 
out involves assessing the safety of the scheme from diierent potenttal road users’ 
perspectives Dunng the design stages the Audttor has to Imagine what rt would be 
like to walk, cycle and dnve the scheme The Audttor tnes to develop scenanos when 
reading the scheme plans - “what happens if a bus pulls out from this lay-by at the 
same time as a motor-cydrst travels around thus bend?” 

The problems listed above were summansed from a road user perspectrve, to 
illustrate the speafic safety problems rdentrfied for each user group 

Pedestrians 

. poorly srted crossings / routes not on desire lines 

. tack of guard-rail I guard-rail not ‘high-vrslbrlrty” 

People with disabilities 

. tack of tactrle paving / poorly designed tactrle paving 

n lack of dropped crossings / crossings not flush 

Cyclists 

. lack of contrnurty of cycle faalrtres 

. mrssed opportunrty for facilrtres 

9 tack of signs 

Motor cyclists 

l chamber covers In arculatory camageway and exrts at roundabouts 

Vehicle users 

+ on links 

. actual speeds greater than desgn speed 

. sgns obscured by vegetation or other obstrucbons 

. street furniture unprotected or in front of safety fence 

. embankments unprotected 

l at junctions 

. lack of entry path deflectron at roundabouts 

l lack of antt-skid surfaang at juncttons and pedestnan cmssrngs 

. poorly sited traffic signal heads / signal heads obscured 
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6. EXA PLES FRO ‘WETOP 20” 

A more detailed analysis was then camed out for each road user problem that had 
been idenbfii In each case road safety tssues were listed, and recommendabons 
for Improvements were noted Three examples are provided below 

6.1 Problem for people with disabilities: Inadequate provision of 
dropped crossings 

Dropped aosslngs are pmwded at private accesses to allow vehicles to enter and 
leave the camageway They are also provided at pedestnan crossing locabons to 
assist all pedestnans to cross the road In safety and comfort 

Pedestrians with mokltty problems are likely to benefit most from the provlslon of 
dropped crosstngs This group includes the elderly, parents wtth pushchaIrs, and 
cydlsts pushing their bikes But rt IS people In wheelchairs who are most senously 
inconvenienced rf dropped crossings are not provided, or rf they are Incorrectly laid 

sahty issues 

Some visually impaired pedestrians prefer to have a small upstand of the kerb at a 
dropped crossing to dsbngulsh between the footway and the camageway Whilst this 
IS satisfactory for most other pedestnans, non-flush crossing pornts can lead to 
drfficulbes for people In wheelcham 

l An absence of dropped crossings may encourage pedestnans wtth mobMy 
problems to cross elsewhere - possibly In a more dangerous locatton 

+ Hgh kerb upstands at pedestnan crossing points could cause people to tnp over 

l Non-flush kerbs could lead to people In wheelchairs crossing elsewhere or 
becoming “trapped” in the camageway 

These problems are accentuated by Incorrect or lnappropnate use of tactile paving 

Possible solutions 

J Ensure that all pedestnan aosslng points have flush dropped kerbs suitable for 
wheelchair acmss 

J Ensure the correct use of tactile paving in WnJUnCbOn Hnth dropped crossings 

J DISWSS speafic problem sites wrth local groups representrng disabled road 
users, particularly where both visually impaired and wheelchair users are Involved 

6.2 Problem for cyclists: Inadequate provision of cycle facilities 

Cyde facilibes are provided to encourage cycling as a mode of transport Within this, 
care IS taken to ensure that the safety of cyclists IS taken into account 

In many cases cyde routes have been provided on footways, by InstallIng erther 
shared or segregated pedestrian/ cycle paths In some cases cycle lanes are 
provided mthrn the carnageway. 

The main points of conflict for cydlsts are at road Juntions At traffic signals 
advanced stop lanes have been used to assist cydtsts, and at roundabouts cyclists 
are sometimes encouraged to leave the camageway and share the footway 
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Some new schemes stdl lack any specific provtslon, leaving cyclists to mrx with motor 
trafftc without any protection Prece-meal prowsion of faalrtres such as toucan 
crosstngs and advanced stop Itnes can leave cycttsts stranded between features 
Some of the common problems that Increase risks for cydists indude 

+ Lack of cyde route contrnurty 

l Missed opportun’ktes such as the provrsron of a pelican rather than a toucan 
crossing 

+ Poor signing, marking and maintenance of cycle routes 

l Inadequate wamlng of the presence of cyd~sts to other road users 

l Poor provision for cydrsts at roundabouts 

Possible solutions 

J Develop a route based cycle strategy wrthrn a IocaMy 

J Undertake cyde user audrts to ensure contlnutty of route, and adequacy of srgns 
and markings 

J Provide traffic calming to reduce the speed of motor traffic 

4 Consider site speafic remedies at roundabouts such as ‘contrnental’ road 
markings 

6.3 Problem for vehicle users: Lack of entry path deflection at 
roundabouts 

A roundabout IS generally considered to be a relatrvety safe fonn of juncbon control 
Qht-turn accrdents can be elrmrnated by rntroducrng a roundabout at a cross-roads 
However, a roundabout where vehicle entry speeds are high can have a poor 
acadent record 

The advice given to designers IS that vehicles should not be able to enter the 
roundabout on a path greater than 100 metres radius (this IS known as the entry path 
deflection) The ttghter the radius, the slower the vehicles will enter the roundabout 
Sometimes this 1OOm radius IS not easy to achieve when there are more than two 
lanes entenng the roundabout or where the geometry of the approach roads IS 
unusual 

Lack of entry deflection results In high vehrde approach speeds This can lead to 

+ Vehicles falling to stop at the roundabout gtve way line resulting In entry and 
arculattng acadents 

l Shunt type accidents when the lead vehicle pulls up sharply 

+ Vehicles collrdrng mth street furniture In the central Island 

l Unsafe condttrons for pedal cycksts and motor cydrsts 

These problems are accentuated by wet road conditions 
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7%~ 2nd International Conference on Amdent Investlgatron, 
~-=@mon, hterpretatlm and the Law, October 20-23,1997 

Highway 407 Safety Review: Observations and Impact 
Frank Navin 

Hamilton Associates, and 
University of British Columbia, Civil Engineering 

SUMMARY 

Highway 407 in a new 69 km, 10 lane electroxuc toll road north of Toronto and IS the largest single 
infrastructure project ever undertaken m Canada. It is a design build project with a fixed cost of 
$928 6 rmlhon The fast phase which is the SubJect of the report 1s 36 km and has 6 lanes The 
highway 407 Safety Review was mmated because of safety concerns raised by the Ontano 
Provmclal Pohce and others The review made 12 recommendations to improve the safety of 
Kghway 407 and future highways. The Ontano government has implemented 11 of the 
recommendations at a cost of $15 M Tlus paper describes the process of amvmg at the 
comrmttee’s recommendations, the recommendatJons and how they have unpacted road safe5 in 
Canada 

The I-hghway 407 Safety Review 1s an important point m the evolution of road safety m Canada 
Tlus is the first safety review of a major highway m North Amenca The results of the revleu have 
been widely reported m both the media and the engmeenng professlonal press 

INTRODUCTION 

The Ontano Provmclal Pohce (OPP), after an unofficial dnve along the almost completed first stage 
of Kghway 407, declared It unsafe and a potenbal hller hghway Their concerns were champloned 
by the Toronto Star newspaper as well as camed by television, and the road’s safety became a public 
issue that eventually requred a safety review Figure 1 1s a typical example of the head lmes that 
appeared m many Toronto area newspapers. 

highway 407 1s an electromc toll road, one of the first and largest pubhc-pnvate mfrastructure 
project ever undertaken in Canada The 69 km, 10 lane, $928 6 rmlllon route crosses the top of 
Toronto and is developed to satisfy some local commuter traffic as well as commercial traffic that 
wants to avoid the congestion closer to the city, see Figure 2. The first section that was to be 
opened m October 1996 links Highway 10 on the west to Nghway 404 on the east, with 6 lanes for 
a total length of 36 km. 

As a result of the OPP safety concerns and other mterventions, the Ontano Govemment undertook a 
safety review. On 15 January 1997 the Mmstry of Transportation for Ontano (MTO) 
commissioned the Professional Engineers of Ontano (PEO) to undertake a Review of Kghway 407 

ms paper deals with the safety issues the comnuttee studied along the original 36 km section It 
provides some suggestions for further mvesugation and the impact of the review on hghway design 
and safety m Canada 
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Figure 1 Newspaper Headhnes 

Figure 2 Highway 407 

PEO COMMITTEE 

In antlclpatlon of bemg asked to review Kghway 407 the PEO contacted about 24 recognized 
experts on highway design and road safety SIX were asked to Join the comrmttee The comnuttee 
memberstip and prelmunary terms of reference were approved by the PEO’s Board of Directors m 
early January 1997 

The commmee held Its first meetmg on January 20, 1997 at which tune the name of the comrmttee 
was changed and a few modlficatlons were made to the terms of reference The name was changed 
to “Safety Review of highway 407” The amended terms of reference were 

1 The corrmuttee will undertake an mdependent safety review to address whether appropnate 
engmeenng standards were used m the design of highway 407 This will include a review 
of the design issues rsused by the Provlnclal Auditor and the Ontano Provmclal Pohce 
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2 The Commtttee will also address the appropnateness of the outcome of the value 
engmeenng exercrse on the design of Highway 407 

In carrying out Its work, the Commtttee ~~11 

l deterrmne whether the mghway meets or exceeds Ontano standards wmch have a bearing on 
road safety, 

l detennme whether the standards used and the design decisions taken m the design of the 
highway were applied m a manner wluch appropnately addressed safety, 

l determme whether cost-effectrve opportunmes were taken to enhance the mghway’s safety, 

l consider whether there are any seemmgly cost-effectrve opportunmes to enhance the safety of 
the mghway which ment constderatron by the Mmrstry of Transportatron 

THE PROCESS 

At the outset the comrmttee recognized that since this was the first safety review of a major new 
North Amencan mghway, it was hkely to attract attention not only from engineers, but also from 
other pubhc-private consortta, the media, and mfrastructure financial circles The cormrnttee was 
placed under tight time constramts because the antrcrpated lughway openmg was to be on March 3 1 
The comrmttee had seven officral meetmgs extending over a total of seventeen days, revrewed about 
150 documents, met with four stakeholder groups, and delivered the final report on 4 April 1997 

The first task for the cornmntee after refinmg and acceptmg the terms of reference was to put 
together a work plan We decided to do as much of the work m parallel as possible by asstgnmg 
tasks to mdtvlduals The tasks included the followmg 

1 OPP issues 
a medran h.tgh mast lighting 
b median width 
c medtan bndge piers 
d ttght loop ramps 
e some ditch configurations, and 
g median barrier 

2 Review of plans for conformance with MT0 design standards 

3. Review of the Value Engmeenng exercise 

4 Revrew of the orgamzauonal arrangements and their evolutron 

5 Review of the evolution of the destgn cntena for Htghway 407 

The questions asked m each area included, 

1 the current state of safety related knowledge 
2 how did the current sltuatron of Highway 407 came about, 
3 were MT0 design standards met 
4 was safety consctous design undertaken and were cost-effective safety measures 

considered 
4 what cost-effective safety measures are available 
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which had Deputy Mmisters from Transpoxtatron, Economic Development, Consumer and 
Corporate Affatrs and Finance. All questrons of policy were referred to cabinet CHIC was the 
successful bidder m Apnl 1994 and the final design-bmld contract was signed on May 10, 1994 for 
a fixed pnce of $928.6 milhon. Durmg 0-11s time the government contmued to build Htghway 407 
m the tradmon MT0 manner CHIC had to integrate and work around the MT0 projects The 
broad orgamzatron that finally completed Highway 407 IS shown m Frgure 3 The major role of 
each orgamzauon 111 the butldmgof Hrghway 407 IS given m Table 1. 

Figure 3 The Highway 407 Development Orgarnzatron 

Table 1 Roles m Butldmg Hrghway 407 

l operate Hrghway 407 
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5. what should be done m the future 

Papers were prepared on each topx and they formed the bases of the &scusslons that led us to our 
conclusions and the final report. 

Because the study was of such a mgh profile the PEO developed a media plan There was a press 
conference after the frost meetmg of 20 January Other press bnefings were help penodlcally 
throughout the prolect to gve factual material to the me&a Only the PEO media relations staff and 
the committee chair spoke to the press. The press recorded some of the comnuttee proceedings for 
me&a matenal. The final press conference was attended by twenty five reporters 

The total effort that went into the review was roughly 4000 person hours some of wmch were 
provtded as part of PEOs professional responsibrhty The total cost was roughly $5OO,ooO not 
countmg the ongoing PEO costs 

THE DIFFICULTY OF THE PROBLEM 

highway 407 was cks~gned to conform wnh the Mmlstry of Transportation of Ontano’s Geometric 
Design Standards and then Roadslde Safety Manual These design standards were comparable to 
those used throughout North Amenca This made Judging the road’s safety difficult, m part because 
of the relative ranty of colhsIons, particularly fatalmes, and the uniqueness of each mghway design 
The type of road being mvestlgated IS among the safest of roads so what the comrmttee was 
mvestlgatmg was a marginal change m safety and the process of mcreasmg safety awareness m 
design rather than the single Issue, “1s the road safe?” 

HIGHWAY 407 HISTORY 

The Kghway 407 comdor has a 45 year development mstory startmg when it was designated m 
1950 In the late 1970’s conceptual studies and some prelnmnary studies were started The 
mmistry issued three prelmunary design reports, m 1983 and 1987 and by the early 1990s several 
structures were being built 

The relauonshlp between the public and pnvate mterests changed m January 1993 when an 
innovative tolling partnersmp idea for mghway 407 was presented to cabinet The Pnvate sector 
would assume responslbthty for desrgnmg, building, operating and mamtammg the l-nghway plus 
collectmg revenue. The government would secure fmancmg and retam ownersmp through a crown 
corporation The highway would be returned to government after the 35 year lease penod In 
February 1993 the’ Ontario Transportation Capital Corporation (OTCC) was announced as the 
agency to build Htghway 407 and staff assembled. An RFP for a value-engmeering exercise, to 
more effcrently develop Highway 407 as a toll facility was let m June 1993 The value-engmeenng 
assessments were used to produce a new set of design cntena The mmistry then issued its request 
for proposals (RFP) for the design and construction of mghway 407 m September 1993 with a 
closmg date of December 1993 

Dunng the penod m November 1993, OTCC was legislated as a crown corporation reporting to the 
Minister of Transponatlon, with responslblhty to oversee construction of Highway 407 The 
evaluation of the Kghway 407 RFPs was camed out by MT0 along with a decision commntee 
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RESULTS 

The comrmttee concluded that “Htghway 407 IS hkely to have strmlar safety as other 400 senes 
highways m Ontario”. The review was drvrded mto a detuled response to the mandate outlined 
earlier and a section that addressed the broad issues of how to burld an appropnate level of safety 
into roads 

Responses to tbe Mandate 

The comrmttee concluded that the development and organizatronal history did have an impact on 
the eventual safety of the project Frost, CHIC was required to design then portion of the facrhty 
withm a well-developed design context of structures already in place, and other decrsrons, many 
going back to the 1970’s, that had already been taken by MTO. Second, the new orgamzattonal 
structure for the Highway 407 partnersmp changed the design cntena approval process normally 
used by MTO. The new approval process was not as well defined as the previous MT0 process 
Fmally, our review of the highway 407 orgamzatron fatled to establrsh whrch, tf any agency, had 
assumed the tradmonal MT0 role as the “guardian of public safety”. Our drscusslon with 
stakeholders revealed that safety was imphc~tly considered by all agencies but the loss of a single 
arbrter of road safety was of concern to the comnuttee 

In the opmlon of the comnuttee, the value-engmeenng exercise was given an almost rmpossrble 
task, that IS, propose cost-reduction or other cost-effectrve methods to develop Highway 407 
wrthout reducing the road’s safety In fact, the comrmttee felt that the value-engmeermg was a 
government drrected cost-cuttmg exercise. The consortra used what the comrmttee came to 
understand as an accepted value-engmeenng practice, wluch was “if a standard IS met, then safety IS 
not changed” Also, some proposed changes, such as the ehmmatlon of, or postponmg of an 
mterchange are extremely difficult rf not lmposslble to analyze for safety unpacts with existing 
techniques The commtttee recommends that value-engmeenng be continued for highway’s such as 
407 but that safety be exphcrtly considered and that the simple adherence to standards IS not good 
enough for safety conscrous design 

After careful consrderatron, the commrttee also agreed with many of the OPP concerns such as, 
median mgh mast hghtmg, median bndge piers, ught loop ramps and the shape of some ditches 
The commrttee did not share therr concern about the traction propertres of the concrete pavement 
nor their suggestion for a contmuous median barrier. 

The commtttee was concerned by the general acceptance that “if the design standards are met then 
the safety requirements are met”. As an example of thrs approach, the MTO’s clear zone standard of 
10 m was nglcby maintained. The fact that a 4.1 side slope actually reduces the level 10 m clear 
zone to an approxtmate equivalent of 7 m was not constdered by the MT0 geometnc design 
standards, the designers, or OTCC 

The detailed reviewer of plans for Htghway 407 did mdrcate a number of areas where the MT0 
design standards may not have been met There were no as-built drawings so the committee used 
design drawmgs and lrmited field checkmg (snow covered the highway for much of the review 
per-rod) to reach Its conclusron 

Finally, the commrttee tried to forecast the number of crashes that-rrught occur along the road but 
could only amve at rough estrmates based on mghways with some smn1a.r charactenstrcs Cost- 
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effecuve calculations were not carried out except m a few mstances such as for the median ba,mer 
The road’s safety, relative to other roads, is outlmed m Table 2 Some of the actions taken dunng 
the road development, such as full Illummation, median greater than 22 m and paved shoulders, all 
tended to improve safety along the entire road Other design decisions, mostly at point locations, 
tended to make the road somewhat less safe 

Table 2 Relative Safety* of Selected Elements of highway 407 

Relative Safety 

Element Considerably Somewhat Somewhat Considerably Impact 
Worse Worse Better Better Extent 

Illummauon * all 
Median >22 m * all 
Paved Shoulders * all 
FEgh mast lights * point 
Bndge piers * few 
Sediment control * all 
Radn of some ramps * few 
Median X section * all 

*rate asslgned by F Navm only, does not appear m comrmttee report 

A quahtatlve estimate of the safety impacts of the improvements suggested by the commntee are 
given m Table 3 Generally, the road will be made somewhat more safe after the lmplementatlon of 
the recommended changes A slgnlficant rmprovement can be achieved by protectmg the mgh mast 
lights and median bndge piers to reduce the seventy of impacts The remammg improvements 
acmeve only a modest increase m safety Since CJVJI engmeermg infrastructure has been found to be 
mvolved m more than half the fatalmes on freeways, these changes should reduce fatalmes Also, 
about a thud of all accidents involve the mfrastructure, so the number of collisions will only be 
margmahy influenced 

Building Safety into Roads 

In the comnuttee’s opmlon the management of road safety by engmeenng design and operations 
requues rethmlung We felt that the present practice of mghway design was less than satisfactory 
smce many decisions affectmg road safety are not based on the best avalable factual knowledge 
Governments and professional assoclatlons need to mvestigate the impact of design procedures on 
road safety 

When deslgnmg and operatmg a bghway, the road safety fsulures are not always obvious The 
tradnional ways of redressing fatlures found m Structural engmeenng, for example, do not work 
well 111 road safety engmeenng To get the nght amount of safety mto a road, particularly with BOT 
type procedures, requn-es a safety “guardian” The cornrmttee thought that the best place for such a 
guardian was wnhm the MT0 

Anally, the comn-nttee found an opportumty existed for the police (OPP) and safety engineers 
(MTO) to cooperatively share mformatlon and expenences They both have valuable experiences 
and insights The comrmttee recommended that the Mnnster of Transportation and the Sohcnor 
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&nerd of Ontano take steps to enhance the shanng of road safety knowledge and expenence 
between the MT0 and the OPP. 

Table 3 Expected* Amount of Safety Improvement to Highway 407 
.--- 

Device Somewhat better Consrderably better Extent 
Review non-compliant sites * point 
Crash devices on poles * point 
Crash dev~cas at piers * point 
Reshape median * all 
R:unb!r stnr + all 
Reshape hydrauhc structures * point 
Bamer extension * point 
Flatten side slopes I * 

I 
I I point 

Toll slgn5 + pornt 
1 oop ramr gUdXI( 2 1 * I I 

kW 

I L0op ramp fnction * few 
Repam markIngs * all 

*Estunates by F Navm only, does not appear m the comrmttee report 

Accepted 

Yes 
Yes 
yes 
yes 
yes 
yes 
ye5 

Yes 
Yes 
Yes 
no 

Yes _m- 

IMPACT OF THE REPORT 

The PEC had lmplertlented a media relations plan as already outlined The report and the procedure 
tu develop the report was well received by the news media An example of one ol ihe final 
headllqsq sn a major metropohtan newspaper read “When clear thmkmg IS key, call m engineers” IS 
given m Figure 4 The media relations anaysis by the PEO estimated that there were 24 rrulllon 
rncd:a ::qresslons between December 1996 aid May 1997 generated by the Safety Review Also;, 
n/hat started out us a potential fight between the police and engineers eventually came to be reported 
as an ObJective review by credible professional engineers .4fter the mltlal flurry of opmionated 
reporting of the safety Issues, the press reporting became more factual as they were give better 
mformation 

The impact on the design of new hghways m Canada JS already being felt A call for proposals for 
a new toll highway has already specified the need to exphcltly consider safety and safety audits 
Most provmclal highway departments are revlewmg or starting the steps to implement some form of 
road safety audit or review 

HOW TO AVOID A HIGH PROFILE PUBLIC REVIEW 

The mstltutlonal arrangements for BOT projects must be changed to accommodate a guardian of 
road safety Just as there are guardians for the environment and finance. This safety agency or 
guardian should, ideally have a legislated mandate and be given both the authority and responslblllty 
to deal with issues of traveler safety The cornnuttee recommended that the MT0 would be a 
suitable place for such an agency or guardian 
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Dunng the review, the committee became convinced that safety conscrous design, that IS design 
which requrred &signers to go beyond srrnply applymg mimmum codes or standards, needs to be 
taught both to the profession and undergraduate students Safety conscrous design includes all the 
crash reductron devices found in the Forgrvrng Hrghway(reduces the consequences of a crash) and 
the devices that help avord accidents which are part of the Carmg Hrghway(reduces the probabrhty 
of a crash). Also the design process should have an adequate “paper” trail that would allow revrew 
of the sahent features to understand the safetyenvtronment-financral-operattonal trade-off that need 
to be made in any design. 

Currently there are two techmques that could be used to reduce the chance of delaymg a project 
opening due to pub& concern, they are Safety Audits and Safety Reviews 

Whatever process is used, the emphasis is for ongomg safety analysts before commrssronmg the 
road Expenence has found that the 30 percent design point is one of the best points for a formal 
safety review This 1s far enough along III the desrgn process that real ctrcumstances may be 
considered but not so far along that it 1s difficult and expensive to change the design. Other reviews 
should be undertaken at the plannmg stage, the 50 and 70 percent design points as well as a pre- 
cornmrsstonmg audit 

’ When clear thinkm ---- - g is key, call in enginti~S~-z ; . . 

Figure 4 Headlines About the Review 

FUTURE WORK 

There should be a concerted effort on the part of the engineering professton, academics and major 
agencies such as MTO, to teach and require safety conscrous designs that includes all aspects of the 
Forglvmg Highway and the Carmg I+ghway. 

The highway safety research community must develop analytrcal methods that are easrly used by 
safety professronals for a systematic analysis of new and existmg proJects. Manuals must bc 
developed for multi-lane roads in more urban areas that outlme the best safety design practice The 
practice of road safety must be taken from an art to an engmeenng analytical process To help form 
adequately detarled data bases all the instttuttons of the road safety enterpnse such as departments 
of transportation, police, coroners, insurance agencies, automobile association, and acadenucs must 
Join to share their knowledge and expenence 
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CONCLUSION 

The S~~~Revlew of Highway 140~~~found a -3umber. of_ detrcrencr~s,1n “e ~nstructronal 
Wrangemehtsof BQT.that can drrm@h~road safety. Many of the safety‘eonceiiis-of-the p&e are 
also +Lhose of the comrmttee but a few d&e! not 

4 ne nest constant-++ety wemess _rouna.,by,me ,cornrrnttee tn the QeSlgn proce-F was ye pfevaflmg 
attnude that by meetmg some mr~umsta’ndard, safetywas satisfiedr The%e&ness*is rKot’&uque _ 
‘to hghway engnneermg, and IS found, m most~co& based en&iieermg ‘aesrg&,,jand 1s; therefore, 
probably a nsk assocrated \k~thLarry p~bl~shed~‘rmmmum standards Demands -for: fiscal re&amt, 
&qunements of the envrronmerlt, and other pohcy matters are @Islated, &‘&so should those of 
road traveler safety 

There .rs a need to encourage safety-~ ~cnsc!ous tighWajf design that mcJu&~$‘ tea-tures of the - z “” 
Fcrgwmg Highway and- -the CarmgrWI+tgRL+vay~ l,, +s Wll require the -efforts $f the @rgmdenng 
proftisston, academxs and major +q.@pJIng -agenc+;tich.& iviTO to be succkssf~ii~‘imp~~mented 
Such safety ~O~SC~O~S .des~gns.should make ,$re ‘repetmon of an &xpenstve rind%h&stive effort, 
such as the !-bghway La97 Safety Review, unne&ssary 

Highway 407 Safety Re vrel&; Profe~sror& Engmeeis of-Ontarro, North York, Ontario, Apr 1997 
A copy may be obtamed from www pea onf ca 

John Robmson,aPh D , P-Eng -(Chair),,UMA Engmeers Lid 
Bnan Allen, Ph D , P.Eng , McI$&tei Umverstty,*AT ‘Traffic Safe@ Corporatron 
EZra Hauer, Yh D , P Eng ,-Uruversi!y-of Toro$o 
Frank Navm,.ph D , P.Eng , Himxlton A&o&&, University of Bntrsh Columbra 
&thur Scott, P Eng.. Retned 
Gerry Smnh, P.Eng , UMA Engrneers Ltd 

At the tune of thrs rewrew ProfessorNavm ,yas the President of Ha$ton- A&ciates pf,&ancouver 
Brxttsh Columbia, a firm -of_ twenty ye!ght -people of ‘whom twenb ye. engmeers-, w&r special 
expertise in road, safety engme+nng p ,: _ _ MarmJton also has loffrces in,-TGnt&-ro as - Synectrcs 
Transportatron Consultants Incorporated and Peru as Peru Consultorres Intematron’al SA 


